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PREFACE 



TO THE FIRST EDITION, 



The following pages were drawn up for the use of the 
junior officers of the Royal Engineers, and those of the 
Honourable East India Company's Service, in their course 
of instruction in Trigonometrical Surveying and Practical 
Astronomy at this establishment, of which branch of their 
studies I have for some time had the superintendence- 

My original intention was to have had them Kthographed 
for distribution among the officers ; but I have been since 
led to the resolution of publishing Ahem in their present 
form, from their having swelled to a size beyond what I at 
first contemplated; and also from the total want expe- 
rienced, during the period occupied in compiling them, 
of any practical English work on Geodesical Operations, 
extending beyond the mere elementary steps of Land 
Surveying. Of this class there are several very useful 
publications, containing instruction in all the necessary 
detail, to some of which references are made for information 
respecting the preliminary knowledge of the construction 
and use of the instruments most generally employed, as 
well as to the French authors on Geodesy, whose works I 
have consulted. 
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CHAPTER L 

GCN£RAL OUTLINE OF THE SYSTEM OF CARRYING ON A 

TRIGONOMETRICAL SURVEY. 

The basis of an accurate survey, undertaken for any extensive 
geodesical operation, such as the measurement of an arc of the 
meridian, or of a parallel, or the formation of a geographical or 
territorial map, showing the positions of towns, villages, &c., and 
the boundaries of provinces and counties, or a topographical 
plan for military or statistical purposes, must necessarily be an ex- 
tended system of Triqngulation, the preliminary step in which is 
the careful measurement of a base line on some level plain : — at 
each extremity of this base, the angles are observed between 
several surrounding objects previously fixed upon as trigonometrical 
stations ; and also, when practicable, those subtended at each of 
these points by the base itself. The distances of these stations 
from the ends of the base line and from each other are then 
calculated, and laid down upon paper, forming so many fresh 
bases from whence other trigonometrical points are determined, 
until the entire tract of country to be surveyed is covered over 
with a net-work of triangles of as large a size as is proportioned 
to the contemplated extent of the survey, and the quality and 
power of the instruments employed. Within this principal tri- 
angulation secondary triangles are formed, and laid down in like 
manner by calculation ; and the interior detail is filled up between 

B 



2 GENERAL OUTLINE OF THE STSTEM OF 

these points, either entirely by measurement with the chain and 
theodolite, or by partial measurement [principally of the roads], 
and by sketching the remainder with the assistance of some port- 
able instrument. The degree of accuracy and minuteness to be 
observed in this detail, will of course determine which of these 
methods is to be adopted — the latter was practised on the Ord- 
nance Survey of the South of England, which was plotted on the 
scale of 2 inches to 1 mile, and reduced for publication to that of 
1 inch; but on the Survey of Ireland, and that of Scotland and 
the North of England now in progress, sketching has been entirely 
superseded by chain measurement, even in the most minute par- 
ticulars, and the undulations of the surface of the ground are 
represented with mathematical accuracy by horizontal contour 
lines traced by actual levelling at equidistant vertical intervals, the 
whole survey being laid down to the scale of 6 inches to 1 mile. 
In the survey of only a limited extent of country, there does not 
exist the same absolute necessity for a triangulation, even though 
a considerable degree of accuracy should be required; this will 
appear evident, from the consideration that in every practical 
operation some amount of error (independent of the errors of 
observation) is to be expected — sometimes a definite quantity 
dependent upon the means employed ; sometimes a quantity vary- 
ing in amount with the extent of the operation. 

In all angular measurements, the errors to be expected evi- 
dently depend upon the quality of the instruments made use of, 
and are altogether irrespective of the space over which the work 
extends. In linear measurements, on the contrary, the probable 
error is some proportional part (dependent upon the circumstances 
and the means employed) of the distances measuretL So long, 
then, as the extent of the survey, and the scale upon which it is to 
be laid down, are such that the probable error attendant upon 
ordinary chain measurement of the largest figures would be 
imperceptible on the plan^ no triangulation is necessary on the 
score of accuracy alone, though in many cases even of this nature 
it would be found in the end a saving both of time and expense. 

In a new and unsettled country, particularly if flat and thickly 
wooded, the outlay that would be required, and the time that 
would be occupied by an accurate triangulation, would probably 
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prevent its bebg attempted, at all events in the first instance. If 
only a gen^eral map upon a very small scale is required, the lati- 
tude and longitude of a number of the most conspicuous stations 
can be determined by astronomical observations, and the distances 
between them calculated, to allow of their positions being laid 
down as correctly as this method will admit of, within which, as 
within a triangulation, the interior detail can be filled up. In 
surveying an extended line of coast, where the interior is not 
triangulated, no other method presents itself; and a knowledge 
of practical astronomy therefore becomes indispensable in this, as 
in all extensive geodesical operations. A topographical survey 
further requires that some of the party employed upon it should 
be practically versed in the general outlines of geology, as a 
correct description of the soil and mineral resources of the different 
parts of every country forms one of its most important features. 
The heights of the principal hills, and of marked points along the 
ridges, plains, valleys, and watercourses above the level of the 
sea, should also be determined, which, in a survey of no great pre- 
tensions to correctness in minute detail, may be ascertained with 
tolerable accuracy by means of the mountain barometer, or even 
by observing the temperature at which water boils at different 
stations. 

A sketch of a certain tract of country, on a far larger scale than 
that of most general maps, is constantly required on service, for 
the purpose of showing the military features of the ground, the 
relative positions of towns and villages, and the direction and 
nature of the roads and rivers comprised within its limits. This 
species of sketch, termed a " Military Reconnaissance," approaches 
in accuracy to a regular survey, in proportion to the time and 
labour that is bestowed upon it. Having thus adverted briefly to 
the progressive steps in the different species of surveying, they 
will each be treated of more in detail in their proper order. 

The system of forming the " net-work of triangles '* alluded to, 
of as lai^e a size as is consistent with the circumstances under 
which the survey is undertaken, within and dependent upon which 
the secondary triangulation and all the interior details are included, 
is to be considered as the working out of a general principle to be 

B 2 



4 OBNBBAL OUTLINE OF A TRIGONOMETRICAX SURYBT. 

borne in mind in all topographical and geodesical operations, the 
spirit of which is as much as possible to work from whole to part, 
and not from part to whole. 

By the former method errors are subdivided, and time and 
labour economised; by the latter, the errors inseparable from 
even the most careful observations are constantly accumulating, 
and the work drags on at a slower rate and an increasing 
expenditure. 



CHAPTER II. 



MEASUREMENT OF A BASE LINE. 



In fixing upon an appropriate site for the measurement of a base 
line, a level plain should obviously be selected where both ends of 
the base would be visible from the nearest trigonometrical points. 
Where extreme accuracy has been required, steel chains, glass, 
deal, and platinum rods have at different times been used for the 
purpose of determining its length; but each of these units of 
measurement, whichever is preferred, must be supported so as to 
ensure its being laid perfectly level. The whole thus forms a 
portion of a great circle, which has ultimately to be reduced to its 
proper measure at the level of the sea at one mean temperature. 

In measuring a base for the topographical survey of any small 
detached portion of ground, it will be sufficient for ordinary pur- 
poses to measure its length carefully, two or three times, with a 
chain which has been compared with a standard *, and if necessary 
from the irregularity of the ground to take an accurate section 
along the line (which should be laid out with a theodolite, between 
marks at each extremity), from which it can be reduced, by cal- 
culation, to its true horizontal value. The length of a base, which 
has subsequently to be determined with the most minute accuracy, 
by means of glass rods, compensation bars, or other contrivance, 
is generally first measured two or three times in this manner. 

The exact measurement of a base is perhaps the most difficult 
and the most important part of a trigonometrical survey, as upon 
its accuracy that of every subsequent proceeding depends. In 
the account of this operation on the Trigonometrical Survey of 
England and Wales, published in 1801, will be found detailed 
accounts of the base measured on Hounslow Heath, in 1784, with 

* A spiral spriog, something like that used in weighing-machines^ is attached to the end 
of a chain used for purposes requiring much accuracy ; this indicates the power of tension 
exerted, which should always be the same as when compared with the standard. The 
snnreyon under the Tithe Commission Act are furnished with this contriyance. 
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Ramsden's steel chain, at first intended solely for the purpose 
of connecting by triangulation the Observatories of Paris and 
Greenwich, but afterwards made the first step in the trigono- 
metrical survey of England. This base was measured a second 
time with prepared deal rods *, and again by a combination of these 
two methods, the mean of the three valuations being 27404.0137 
feet at the level of the sea. The details of the base of verificatioQ 
'(i. e. the actual measurement of the side of a remote triangle, 
whose length had been previously obtained by calculation) in 
Romney Marsh, in 1787, are also given in the same work, as well 
as the remeasurement of the original base on Hounslow Heath, in 
1791, and of another base of verification on Salisbury Plain, in 
1794, which is stated to have corresponded exactly with its mean 
length, as obtained by calculation in three different triangles. 

A detailed account has recently f (1847) been drawn up by 
Captain YoUand, R.E,, of the mode adopted by General Colby to 
obtain the accurate value of the base measured on the Ordnance 
Survey of Ireland, at Loch Foyle, in the county of Londonderry, 
in which work vrill also be found a quantity of scientific informa- 
tion connected with the principal triangulation. The principles of 
the contrivance, in which it differs from all other methods that 
have preceded it, consist in always preserving, by a mechanical 
compensation obtained by the use of two metals having different 
powers of expansion and contraction, exactly the same distance 
between two points at the extremities of the compensation bars, 
instead of allowing, as had been hitherto done, for this expansion 
or contraction, according to the temperature at which each rod 
was laid, and in obtaining a visual instead of an actual contact of 

* The deal rods were first laid, as it is termed, '' in coincidence;" that is, lines drawn 
across them, near their extremities, were made to coincide most aceoiately by fine lenwi^ 
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as in the sketch, LZZ—J-J but this method occupying a considerable tame^ 

their spherical ends were afterwards brought in contact s I r i s and the measureiBeBt 
was continued in this manner, so that no decision was arrived at as to the compeiatiTe 
accuracy of the two modes ; that by coincidence would, howeVer, appear likely to be more 
minutely correct than the on^ adopted. 

t Many years after the 1st edition of this work; the short popubff deiaiption of tke 
process of using the bars is howeyer retained. 
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the rods. This will be explained by the following short de- 
scription of the compensation bars and the method of using them. 

Two bars, one of iron and the other of brass, 10 feet long, 
placed parallel to each other, were riveted together at their centres, 
it having been previously ascertained, by numerous experiments, 
that they expanded and contracted in their transitions from cold 
to heat, and the reverse, in the proportion of three to five. The 
latter was coated with some non-conducting substance to equalise 
the susceptibility of the two metals to change of temperature ; and 
across each extremity of these combined bars was fixed a tongue 
of iron, with a minute dot of platinum, almost invisible to the 
naked eye, and so situated on this tongue, that, under every 
degree of expansion or contraction of the rods, the dots at each 
end always remained at the constant distance of 10 feet. This 
will be- better understood by reference to the sketch below. 
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A is the iron bar (about five-eighths of an inch wide and one 
and a half deep), the expansion of which is represented by three ; 
' B the brass bar (of the same size), the expansion of which is five, 
- the two being riveted together at the centre C; D E and de are 
the iron tongues pinned on to the bars, so as to admit of their 
expansion, with the platina dots at D and d. The tongues are by 
construction made perpendicular to the rods at a mean tempera- 
ture of 60^ Fahrenheit, and the expansion taking place from their 
common centre, when A expands any quantity which may be 
expressed by three, B expands at the same time a quantity equal 
to Jive, and the position of the tongues is changed to D F, d/, the 
dots D and d remaining unalterably Jixed at the exact distance of 
ten feet. It is evident from this construction, that the dots at the 
extremities of these bars could not, if desired, be brought either 
into actual contact or coincidence ; but a more correct plan was 
adopted, which consisted in laying each rod so that the dot at its 
extremity should always be at a fixed distance from that at the 
end of the next rod. This was effected by means of powerful 
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microscopes, attached to the end of similar short compound bars *, 
6 inches long^ mounted on a stand, by which means they could 
be laid perfectly horizontal by a spirit level, the microscopes in 
these bars occupying the position of the dots on the longer rods. 
These dots, after the rods had all been carefully levelled, were 
brought exactly under the microscopes by means of three micro- 
meter screws attached to the box id which each rod was laid, so 
that it could be moved to either side, backwards or forwards, 
elevated or depressed, as required, the rods being laid on supports 
equidistant from the centre of the box, that they might always 
have the same bearing. The point of starting was a stone pillar, 
with a platina dot let into its centre, with a transit instrument 
placed over it, by which the line was laid out with the greatest 
precision, with the assistance of sights at each end of the bars ; an 
average of about 250 feet being completed in one day, and five 
boxes,, giving a length of 52 feet, being levelled and laid together. 

About 400 feet of this measured base was across the river Roe, 
and clumps of pickets were driven at intervals of about 5 feet 3 
inches apart from centre to centre, by a small pile engine, on the 
heads of which the boxes containing the compound rods rested. 
At the end of each day's work a triangular stone was sunk at the 
end of the last bar laid, with a cast-iron block fitting over it, 
having a brass plate with a silver disk let into the middle of the 
brass, which was adjustable by means of screws. This disk was 
brought exactly under the focus of the extreme microscope, and 
served as a starting point the following day, a sentinel being always 
left in charge of this stone, which was further secured by a wooden 
cover screwed over it. 

The total length of the measurement of this base amounted to 
about 8 miles ; 2 miles were subsequently added by a method de- 
scribed in the next page, making the entire distance between the 
two extremities rather more than 10 miles. 



* This was the uraal dittance between the fod of the xmcnMcopes ; but to meet 
where the oneTen sni&ce rendered it diffionlt to bring the short bars to a level at this 
distance, it was sometimes diminished to one hall Microscopes of different lengthi were 
used where the inclination of the ground rendered it necessary to lay the boxes on differeni 
levels, so that the platina dots might be brought in the focus of each microscope. The old 
base of yerifioation on Salisbury Plain has recently been xemeasured with these com- 
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Detailed descriptions of the various methods that have been at 
different times adopted to insure the correct measurement of base 
lines on the Continent, may be found in all standard works on geo- 
desical operations*. A popular account of the mode of conduct- 
ing these measurements, and of the nature of the rods, &c., used, 
is also given in Mr. Airy's " Figure of the Earth," in the " Ency- 
dopeedia.Metropolitana," commencing at page 206. 

A base measured on any elevated plain is thus reduced to its 
proper measure at the level of the sea. 

Call A B the measured base at any elevation 

A a above the level of the sea . . B 

a b its value at this level . . , b 

C b the radius of the earth . . R 

And the altitude above the sea A a .A, 

as ascertained by levelling, or by the barometer. 

ThenR + A:R:: B ib.kb-^'^ 




And B— 6 the difference of the measured and re- 

duced base = B-^^=^:p^. 

The radius of the earth may be considered =21008000 feet; if, 
then, the log of the base, in feet, be added to the log of the alti- 
tude, and the log of the sum of the radius and altitude be sub- 
tracted therefrom, the remainder will be the log of a number to be 

* '' Secneil des Observations Glodesiques, par Biot et Arago " — '' Puissant^ Traits de 
G^odesie" — " Base du Systeme M^triqne decimal;" and the works of Cassini, Francoeur, 
Colonel Lampton, &c. 

The bases of the original arc of Mechain and Delambre, d^^bed in the " Base da 
Sjst^e M4trique/' were measured with rods of platinum two toises long ; to each bar 
WBS attached at one end a rod of brass. The proportion of the expansion of brass and 
platinum being known, the expansion of the platinum rod was inferred from the obserred 
difference of expansion of the two rods. The rods were laid in boxes, and placed on 
trestles ; and their ends not brought into contact, but measured with a slider. The tempera- 
tare was reduced to thirteen degrees of Reaumur. The length of the base of Perpignan 
was 6006.28 toises ; and that of Melun 6075.9 toises. The calculation of the Perpignan 
base of yerification from that of Melun differed only eleyen inches from its actual measure- 
ment on the ground. 

These platinum bars are described in page 203, vol. i. Puissant*s '' G^odesie." Few 
bases haye eyer been measured solely for the determination of the yalue of an arc of the 
meridian, or of a parallel, but have formed at the same time the foundations of the surrey 
of a country. 
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deducted from the meanured base, to reduce it to its value at the 
level of the sea. This correctioD, though generally trifling, is not 
to be Delected when the base is measured on ground of any con- 
siderable elevation. 

Mr. Airy, in page 198 of the " Figure of the Earth," in the 
" Encydopeedia Metropolitana," gives this formula :— '* If r be the 
earth's radius, or the radius of the surface of the sea (which ia 
known nearly enough), h the elevation, the measured lengths must 
be multiplied by the fraction ^-^ or 1 -, or they must be dimi- 
nished by the part- of the whole. If the surface slopes uniformly, 
the mean height may be taken ; if it is very irr^;ular it may be 
divided into several parts." 



The reduced length a i of the base 
AB is thus found, and if the 
length of the chord is required, 
it is found by subtracting ^r-;. 




Beside the marks at the extremities of a base line — which, tf it 
is to form the groundwork of a survey of considerable extent, 
should be constructed so as to be permanent, as well as minute—' 
intermediate points should be carefully determined and marked 
during the progress of the measurement by driving strong pickets, 
or sinking stones into the ground, with dots upon a plate of metal, 
or some other indication of the exact termination of the chain, 
clearly defined upon them. These marks serve for testing the ac- 
curacy of the different portions, and reciprocally comparing them 
with each other. It has been already remarked, that the length of 
* a« OP the Ordnance Survey of Ireland was not obtained en~ 
autement, an addition of two miles having been made 
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to its measured length by calculation. This calculation was alBO 
contrived to answer the purpose of verifying the measurement of 
intenuediate portions of the base between marks left for the pur- 
pose, as alluded to in the last paragraph ; and which will be ex- 
pidaed by reference to the figure given below, in which AB re- 
presents the portion of the base actually measured, and B C, that 
to be added by calculation, for the purpose of extending tlie base 
to C, to obtain a more eligible termination. 




The points E and I) have been marked during the measurement, 
and are thus made use of: — 

The stations F and G are selected, so that the angles at E may 
be nearly right angles, and the points tliemBelvee nearly equidis- 
tant from the line, and about equal to AE. Similar conditions 
determine the positions of H, I, K, and L. At A the whole of the 
objects visible are most accurately observed with a large theodo- 
lite, which is then taken to the other points on the line, as well as 
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those selected on either side of it, where all the angles are mea- 
sured. From AE, then, and the three observed angles, 6E and 
EF are determined, from each of which in the triangles 6ED and 
DEF the side ED is obtained, the distances thus found forming 
two checks on its measured length ; I D and D H are in like man- 
ner calculated from A D and also from E D as bases, and each of 
these again furnish data for the determination of DB. Lastly, 
BL and BK are found from AB, and also from EB; from the 
mean results of which B C, the required addition to the measured 
base, is obtained. 

Even if the entire base had been measured, the above is an 
excellent method of verifying the accuracy of the intermediate 
component parts; and is also a test of the instrument used for 
measuring the angles. The stations H, K, L, &c., will also answer 
for minor trigonometrical points, and will be found useful in the 
course of the work. 

The next process, as has been stated, is the Triangulation, which, 
combined with the measurement of a base line, just described, forms 
the preliminary step, not only in a correct trigonometrical survey, 
but in the more delicate operations of the determination of the 
difference of longitudes between two meridians, such as those of 
the observatories of Greenwich and Paris, and the measurement 
of an arc of the meridian to obtain the length of a degree in dif- 
ferent latitudes, from whence to deduce the figure and magnitude 
of the earth. 



CHAPTER III. 



TRIANGULATIOX. 



Th£ most conspicuous stations are selected as trigonometrical 
points^ and are chosen with reference to their relative positions ; as 
the nearer these triangles approach to being equilateral, the less will 
be the error in the calculation of the sides resulting from any slight 
inaccuracy in the observed angles. 

The base being generally of trifling length, compared with the 
distances between the points of tlie principal triangles to be ulti- 
mately deduced from it, the sides of these triangles must be from 
the first gradually increased as rapidly as is consistent with the 
remark in the previous paragraph, till they arrive at their greatest 
limit ^, determined in an extensive survey by the distance at which 
these points can be rendered clearly visible. As early as 1822, the 
reflection of the sun from a plane mirror was employed in Hanover 
for the purpose of rendering distant stations visible; and this me- 
thod was adopted by General Colby and Captain Kater in verifying 
General Roy's triangulation for connecting the meridians of Paris 
and Greenwich. The station on Hanger Hill tower could not be 
seen from Shooter's Hill (only 10 miles distant), owing to the dense 
smoke of London, but was rendered clearly visible by tin plates 
attached to the signal post so as to reflect the sun towards the sta- 
tion at stated times on a cei'tain day. The same plan was tried the 

* ** Laplace a demontr^ par le calcul des probabilit^s qu'il ne faxX employer que le moins 
grand nombre possible de triangles du premier ordre couvrant I'etendue entiere dn pays, en 
lenr donnant les plus grandes dimensions permises par les localites, et par la puissance des 
Tunettes des instruments." Fraiuiceurf "Oeodesie" page 110. 

The distances between some of the trigonometrical points on the Ordnance Survey of 
Ireland exceed 100 miles, and haye been deduced from the original base of about 10 miles. 
Observations may he made on a station which would be hid by intervening high ground 
were it not elevated above its real place by refraction, but periods should always be chosen 
for observing angles when extfoordmary rrfraction is not remarkable, on account of its very 
irreguhir action. . 
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following year at the station on Leith Hill, near Dorking, rend 
iug the station visible at the distance of 45 miles, though the I 
itself was never once seen. The utility of thus employing the S 
reBected rays being established by these results, an instruraent « 
invented by Captain Drummond, Royal Engineers, in lieu of ti 
former temporary expedients, for dJrectuig the rays upon the station 
to be illuminated, the description of which will be found in his 
Paper on the means of facilitating the observations of distant ata- 
Uons, published in the " Philosophical Transactions for 1826," and 
from whence the above remarks have been taken. In using this 
" Heliostat " it is only necessary for the assistant, who is posted as 
near as possible to the station, to keep the enlightened object in the 
focus of the telescope, and the mirror is adjusted instru mentally so 
as to always reflect them upon the station and keep it illuminated. 
But a contrivance was still wanting to produce a light sufficiently 
brilliant to answer for distant stations at night. Bengal lights had 
been used by General Roy, which were succeeded by argand 
lamps and parabolic reflectors, and these again, by a large plano- 
convex lens, prepared by MM. Fresnel and Arago, and used by 
the latter gentleman conjointly with General Colby and Captain 
Kater, and by the light of which a station, distant 48 miles, was 
observed. The light invented by Captain Drummond, and de- 
scribed in the volume of the " Philosophical Transactions " alluded 
to, however, far surpassed all previous contrivances in intensity. A 
ball of hme, about a quarter of an inch in diameter, placed in the 
focus of a parabolic reflector, and raised to an intense heat by a 
stream of oxygeu gas directed through a flame of alcohol, produced 
a light eighty times as intense as that given by an argand burner. 
A station on the hill in the barony of Ennishowen, of great im- 
portance, could not be seen from Devis Mountain, near Belfast, 
and this instrument was consequently sent there by General Colby; 
and, in spite of boisterous and hazy weather, the light was bril- 
liantly visible at the distance of 67 miles, and would have been so 
at a much greater distance. Dntmmond'a light might be also 
made available in determining the difference of longitudes by sig- 
nals, which will be explained hereafter * ; but difficulties connected 



enlly calculated for Ihoie liglitliOQ»e» when 
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with its management, as well as the cost of the apparatus, have 
prevented its being brought into use on the Ordnance Survey. 

It has been already stated that the sides of the principal triangles 
should increase as rapidly as possible from the measured base. The 
accompanying sketch will show how this is to be managed without 
admitting any iU-conditianed triangles. 




AB is supposed to be the measured base of 3 miles, or any 
other length, and C and D the nearest trigonometrical points. All 
the angles being observed, the distances of C and D from the ex- 
tremities of the base are calculated with the greatest accuracy. In 
each of the triangles D A C and D B C, then, we have the two 
sides and the contained angles to find D C, one calculation acting 

mond's on ihU subject, containmg the results of a course of experiments carried on by order 
of the Trinity Board. The lime in these experiments was exposed to streams of oxygen 
and hydrogen gas fiom separate gasometers, instead of passing the oxygen gas through a 
flame of alcohol, which was done on the survey for the conyenience of carriage, though at an 
increased expense. 
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tances to be laid off from T in the direction AT, BT. And in 
order also to avoid as much as possible any operations of mea- 
surement to obtain the position of the point V^ the distances from 
the trial station T should be laid down on paper on a large scale 
in the directions T A, TB, &c. (or on their prolongation), to obtain 
the intersection T' of the lines 1 V and 2 2^, and from this diagram 
the angle formed at T with this point T', and the line drawn in the 
direction of any of the stations A, B, or C, can be taken, as also 
the distance XT'; the measurement of one angle and one short 
line is all that is required on the ground. 

The triangulation should never be laid down on paper until its 
accuracy has been tested by the actual measurement of one or 
more of the distant sides of the triangles as a base of verification, 
and by the calculation of others from different triangles to prove 
the identity of the results. Beam compasses, of a length pro- 
portioned to the distance between the stations, and the scale upon 
which the survey is to be plotted, are necessary for this operation; 
and when the skeleton triangulation is completed, the next step is 
the delineation of the roads, &c., and the interior filling in of the 
country, either entirely or partially, by measurement, as has been 
already stated. 

The latitude and longitude of each of the trigonometrical sta- 
tions are also obtained with the most minute exactness on the 
Ordnance Survey, both by astronomical observations and by com- 
putation. For the latitude a zenith sector is now used, which was 
constructed under the directions of the Astronomer Royal, and for 
which a portable wooden observatory has been contrived. The 
instrument is placed in the plane of the meridian, and the axis, 
which has three levels attached, made vertical. In observing, the 
telescope is set nearly for a star, reading the micrometer micro 
scope to the sector, and then completing the observation by the 
wire micrometer attached to the eye end of the telescope, noting 
also the level readings and the time. The instrument is then 
turned half round, and the observation repeated, completing the 
bisection on this side by the tangent screw, again noting the levels 
and times ; and lastly, the readings of the micrometer microscopes. 
The double zenith distance is thus obtained, from whence the 
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of small triangles were checked by being made the vertices of 
larger triangles^ based upon sides of those of the second order. 

Thus the point E in the figure is determined from the base B C ; 
and O from both DC and AD, forming a connection between the 
lai^er and smaller order of triangles, and constituting a series of 
checks upon the latter. 

The length of the sides of the smallest triangles must depend 
upon the intended method of filling up the interior. If the contents 
within the boundaries of parishes, estates, &c., are to be calculated, 
the distances between these points must be diminished to one or 
two miles for an inclosed country, and two or three, perhaps, for 
one more open. If no contents are required, and the object of 
the triangulation is solely to ensure the accuracy of a topographical 
suryey, the distances may be augmented according to the degree of 
minutiae required, and the scale upon which the work is to be laid 
down. 

The direction of one of the sides of the principal triangles must 
also be determined with regard to the meridian. The methods of 
ascertaining this angle, termed its azimuth, will be described here- 
after. 

It is also advisable not merely to measure the angles between the 
different trigonometrical points, but to observe them all with refer- 
ence to certain stations previously fixed upon for that purpose. 

If for any cause it has been found advisable to commence the 
triangulation before the base has been measured, the sides of the 
triangles may be calculated from an assumed base, and corrected 
afterwards for the difference between this imaginary quantity and 
the real length of the base line ; or, if the length of the base is sub- 
sequently found to have been incorrectly ascertained, the triangula- 
tion may be corrected in a similar manner. 

Thus^ suppose CB the assumed, and ^ 

AB the real length of the base — also 
£B and AE the real distance to the 
trigonometrical point E, and D B and 
DC those calculated from the as- 
sumed base, then A E evidently = C D. 5I, and EB ;= B D. ~ 

On the Continent, the instrument that has been generally used 
for measuring the angles of the principal and secondary triangles 
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18 Borda*8 repeating circle * ; but the theodolite is umyersally pre- 
ferred in England, and those of the larger description, in their pre- 
sent improved state, are in fact portable AUilude and Azimuth 
instruments. The theodolite possesses the great advantage of re- 
ducing, instrumentalliff the angles taken between objects situated 
in a plane oblique to the horizon to their horizontal values, which 
reduction, in any instrument measuring the exact angular distance 
between two objects having different zenith distances, is a matter of 
calculation depending upon the zenith distances or co-altitudes of 
the objects observed f. The formula given by Dr. Pearson for this 
correction when the obliquity is inconsiderable, which must always 
be the case in angles observed between distant objects on the 
horizon, is as follows : — 

A being the angle of position observed, H and h the altitudes of 



* For a detailed account of this inBtroment, which is so seldom met with in Englandi see 
pages 89 to 99, '<G6odesie, par Francoenr;" also page 142, vol. i ''Puissant, G^odene.'' 
There is also a very able paper upon the nature of the repeating circle by Mr. Troughton in 
the first volume of the Memoirs of the Astronomical Society. 

The portability of this instrument is one of its great recommendations ; but it seems to be 
always liable to some constant error , which cannot be removed by any number of repetitions, 
and the causes of which are still unknown. With all the skill of the most careful and 
scientific observers, the repeating circle has never been found to give the accurate results 
expected from it, though in theory the principle of repetition appears calculated to prevent 
almost the possibility of error. 

+ This will be evident from the figure below, taken firom page 220 of Woodhou8e*8 Tri* 
gonometry. 

Let be the station of the observer, A and 
B the two objects whose altitudes above the 
horizon are not equal; then the angle sub- 
tended by them at is AOB measured by 
AB; but if Z a, Z 6, are each « 90°, then 
a h, and not A B, measures the angle aZh, 
which is the horizontal angle required. The 
difference, then, between the observed angle 
AOB and a Z 6, is the correction to be applied 
as the reduction to the horizon. The hori- 
zontal distances between these stations of dif- 
ferent elevations may be found from having 
the reciprocal angles of elevation and depres- 
sion, and the measured or calculated distances, 
which being considered as the hypothenuse of the triangUf the distances sought are the bases. 
From these the horizontal angles may be calculated if required. 
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the two objects, and » =: sin' (J H + A), tan. J A— sin* (^ H— A), 
cot i A . then x (the correction) =: n. sec. H. sec. h. The value 
of n is given in tables computed for the purpose of facilitating this 
calculation for every minute of H and A, and for every ten minutes 
of A. When the altitudes differ more than 2** or 3® from zero, 
the following formula is to be used in preference : — 

SinJZ 1 _ V (sin j,.S-^).sin (^S-?-) 

the reduced angle/ "^ sin 3^, sin J' ' 

S being the sum of the angle observed, and the two zenith distances ; 
and i^ and ^ the respective zenith distances of the objects *, 

All observed horizontal angles are, however, essentially spherical 
angles; and in every triangle measured on the surface of the earth, 
the sum of the three angles must, if taken correctlyj be more 
than 180^. The lines containing the observed angles are in fact 
tangents to the sphere (supposing the earth to be one), whereas to 
obtain the three points considered as vertices of a plane triangle, 
the angles must be reduced to the value of those contained 
between the chords of the arcs constituting the sides of the 
spherical triangle. The correction for this spherical excess, though 
too minute to be applied to angles obsei*ved with moderate sized 
instruments, being completely lost in the unavoidably greater errors 
of observation, should be however calculated in the principal 
triangles, which is easily done on the supposition that the area of 
a spherical triangle, whose sides are immeasurably small com-^ 
pared with the whole sphere, may be considered identical with 
that of a plane triangle, whose sides are of the same length as 
those of the spherical, and whose angles are each diminished by 
one-third of the spherical excess; from which theorem, demon- 
strated by Legendre, and known by his name, is deduced the 

* For the investigation and application of these fiinnnlsB, see vol i. " Puissant, Traits 
de Geodesie,** page 174 ; " G^odesie, par Francoeur/' pages 128 and 435 ; and Dr. Pearson's 
" Practical Astronomy/' vol. ii. page 505. Button's formula is the same, except that it is 
expressed in terms of the altitude instead of the zenith distances. See also Woodhouse's 
** Trigonometry," page 220, and the corrections to the observed angles in the first volume 
of the " Base M6trique." 

C 2 
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form g; or for the excess in seconds, ^ R^' : where S denotes the 

area, and R the radius of the earth *. 

The earth being considered a perfect sphere whose radius is 

21,008,000 feet; one second of space = 101-43 feet, and (101-43)* 

=: the square feet in a square second. — R the radius = 206264,8 

J J ,, . , area in feet 

seconds, and the expression becomes .^q^^^^^, ^ (206264,8)* 

X 206264,8; or in logarithms, Logarea-.4,0123486— 6,3144261 
= Log area— 9,3267737 for the spherical excess in seconds f. 

On the Trigonometrical Survey of England, the spherical excess 
was constantly calculated, not solely for the purpose of diminishing 
the observed angles by the amount, but to correct the observaUons. 
Thus, in one of the large triangles in Dorsetshire, the sum of the 
three angles was O'^-d less than 180^; the calculated spherical 
excess amounted to V'-29, showing an error of l"-79 in the 
observation, and in many of the triangles this error was more con- 
siderable. One-third of the error thus found, added to each of the 
angles, corrects them as angles of a spherical triangle, and one- 
third of the spherical excess deducted from each of these corrected 
spherical angles converts them into the angles of a plane triangle 
ready for calculation, and the sum of whose angles is = 180^, as 
is seen in the example below. 



Observed Angles. 


One-third 

of 

Error. 


Corrected Sph. 
Angles. 


One-third 

of 

Sph. Bzcess. 


Rectilinear An- 
gles corrected for 
calculation. 


bSu } ''' ''' ^7" 
Bolt head 48 89 24*5 
Butterton 85 25 58 


-f -597 

-4- -597 
+ -597 


45° 54' 8r'-597 

48 89 25 -097 
85 25 58 -597 


- -48 

- -48 

- -48 


45** 54' S7"-167 

48 89 24 -667 
85 25 58 -167 


179 59 59-5 




180 1 -29 




180 



One-third of the spherical excess has here been deducted from 
each angle, but it might have been calculated for each separately. 



* R" may be considered identical with . ,., . See " Puissant/' vol. i. page 100, 

am 1 

■|* Woodhouse arrives at the same result at the termination of a long investigation of this 

correction. — " Trigonometry," page 229. 
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by reducing the angles of the spherical triangles to the angles 
formed by the chords. {WoodhousCj page 239; Bdse du Systhne 
Mitriqiiej &c.) Thus there are three modes of solving the large 
triangles of a survey, first, by calculating them as spherical tri- 
angles with the corrected spherical angles; secondly, by com- 
puting them as rectilinear triangles with the angles of the chords; 
and thirdly, by Legendre's method of reducing each angle by one- 
third of the spherical excess ; this latter method is by far the most 
expeditious. In the " Base du Systdme Metrique," the sides of 
the triangles were computed iy all three methods. On the 
Ordnance Survey they were formerly mostly calculated by the 
second, and checked by the third, but at present the last of these 
modes, that by Legendre's formula, is the only one used. 

This subject is treated at length in Puissant, vol. i. pages 100, 
117, and 223, and also in the account of the Trigonometrical 
Survey, in Professor Young's, and Woodhouse's Spherical Tri- 
gonometry ; and in various other works. 

When the theodolite cannot be placed exactly over the station *, 
a correction for this eccentricity, termed the " Reduction to the 
Centre,^' becomes necessary. 

In the triangle ABC, suppose C the station where the in- 
strument cannot be set up. If at any convenient point D, the 
angles A D B and ADC are taken, and the distance C J) 
measured, the angle ACB can be thus determined. 



* Where mills, cliurclieB, and other marked objects y 

are selected as trigonometrical points, which are other- i 

wise peculiarly well adapted, but on which the theo' JS^L 

d(dite cannot be set up, this reduction becomes necessary j^^^^i 

if angles are required to be taken firom them. Tempo- J^^^^^k 

rary trigonometrical stations are easily formed of three /^*^^^^'\ 

or four pieces of scantling 10 or 12 feet long, filmed / I I \ 

together as in the sketch, with a short pole projecting ^^Zir£,.,..> ^'4:^!r^=-^^^ 

Yektically upward from the apex of the pyramid. A - . I ^ '^- — 

phimmet suspended from this gives the exact spot on ^=^^^^;c::r=-_ ^==^^ ^ — ' ^ -^ 
which to set up the theodolite. Long poles, which can be removed when it is required 
to adjust the theodolite over the station, answer the same purpose. Two circular disks of 
iron or other metal on the top of a pole, placed at right angles to each other, form very good 
marks for observation. 



24 TBIANOULATION. 

attached to the telescope parallel to the optical axis, and to the 
surface of the cylindrical rings on which it is supported ; this is 
done by simply levelling the telescope by means of the tangent 
screw to the vertical arc, and then reversing it end for end in the 
Ys. If the air-bubble does not remain in the centre of the tube 
after this reversion, it must be corrected, one half of the error by 
the screw attached to one end of the level, and the remainder by 
the vertical arc. A few trials will be necessary to obtain this ad- 
justment perfectly ; and the level should be at the same time ad- 
justed laterally, so as to be in the same vertical plane as the line 
of collimation, if it should be found, on moving the telescope 
stiff fitly on either side, that the bubble becomes deranged from its 
central position. 

The object of the third adjustment is to ensure the verticality of 
the axis of the instrument, and consequently the horizontal position 
of the azimuth circle, which is instrumentally at right angles to it 
The level of the telescope already adjusted furnishes the means of 
effecting this. The instrument being placed approximately level, 
and the lower plate clamped, the upper plate is moved till the axis 
of the telescope is nearly over two of the opposite plate screws ; 
the bubble of the telescope level is then adjusted by the vertical 
arc, and the upper plate turned round 180®; if the level is not in 
adjustment, half the error is to be corrected by the plate screws, 
and half by the tangent screw of the vertical arc. The same opera- 
tion must be repeated with the telescope over the other pair of plate 
screws ; and when, after several trials, the air-bubble of the level 
attached to the telescope remains constantly in the centre of the 
tube, in whatever position it is turned, it is only necessary to adjust 
the two small levels on> the upper plate to correspond, and they 
will serve to indicate when the axis of the instrument is vertical, 
care being taken to verify their adjustment from time to time. 

The vernier of the vertical arc is the last adjustment; it should 
indicate zero when all the above corrections have been made. If 
it differs from this point, it can be set to zero by releasing the 
screws by which the arc is held ; but if the difference is small, it 
is better to note it as an indea: error +, or — , than to make the 
alteration. 

A better plan of obtaining the index error of tlie vertical arc with 
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accuracy is by observing reciprocal angles of depression and eleva- 
tion from two stations, about four hundred or five hundred yards 
distant. If none exists, the angles will correspond ; otherwise the 
errors will be equal, but in an opposite direction ; and half their dif- 
ference is the index error. 

If the distance selected be too long, it becomes necessary to take 
into account the corrections for refraction and the curvature of the 
earth, depending upon the arc of distance, which subjects will be 
explained hereafter ; but for the purpose of ascertaining the index 
error of the vertical arc of a theodolite, the distance named is quite 
sufficient. 

The mean of all the verniers should invariably be taken *, and 
each angle repeated six or eight times. The errors of eccentricity, 
and graduation of the instrument, are thus almost annihilated ; and 
those of observation of course much diminished. The repetition of 
angles is also the only means by which they can be measured with 
any degree of minuteness by small instruments. 

It is frequently necessaiy to refer to trigonometrical stations long 
after the angles have been observed ; either for the purpose of fixing 
intermediate points, or of rectifying errors that may have crept into 
the work. Large niarked stones should therefore be always buried 
under the principal stations which are not otherwise identified by 
permanent erections, and a clear description of the relative position 
of these marks with reference to objects in their vicinity should be 
always recorded. If, however, any station should be lost, and its 
site required to be ascertained for ulterior observations, the fol- 
lowing method, which has been adopted by General Colby, will 

* On the azimuth circle of the large theodolite used on the triangulation of the Ordnance 
Survey^ the original yemiers were only at the two opposite points A 
and B, the mean of the readings at which were^ of course^ always 
taken. Subsequently, the verniers at C and D were added, each of 
them equidistant 120° from A, and also from each other. It has 
since been sometimes the custom, first to take the mean of A and B, 
and afterwards the mean of A C and J>, and to consider the mean be- 
tween these two yaluations as the true reading of the angle ; this me- 
thod has, however, been objected to as being incorrect in principle, an 
undue importance being given to the reading of the vernier A, and also in a smaller degree 
to B. The influence assigned to each vernier is, in £ict, as follows : — A . 5 ; B . 3 ; C and 
D, 2 each. 
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be found to answer the purpose with very little trouble and with 
perfect accuracy. 



Let D be the lost station, the poaitioa of which is reqtiired. 
Assume T as near ae possible to the supposed site of the point in 
question (in the figure the distance is much exa^erated, to render 
the process intelligible), and take the angles A T B, ETC; A, B, 
and C being corresponding stations which have been previously 
fised, and the distances of which from D are known. If the angle 
ATB be less than the original angle ADB, the point T is evidently 
ivithout the circle in the segment of which the stations A and B 
are situated ; if the angle be greater, it is of course within the 
segment. The same holds good with respect to tbe angles BTC 
and B DC. 

Recompute the triangle ABD, assuming the angle at D to have 
been so altered as to have become equal to tbe angle at T, and that 
the angle at A is the one affected thereby. 

Again, recompute the triangle, supposing the angle at B the one 
affected. In like manner in the triangle BDC recompute the 
triangle, supposing the angles at B and C to be alternately affected 
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by the change in BDC. These computations will give the tri- 
angles ABE, ABE', BCF, BCP calculated with the values of 
T, as observed at the first trial station (in both the present cases 
greater than those originally taken at D), and the angles at A, B, 
and C, alternately increased and diminished in proportion. Pro- 
duce AT and BT, making Tl and Tl' equal respectively to ED 
and E'D, the differences between the distances just found and the 
original distances to the point D; and through the points IT, 
which fall nearly, though not exactly, in the circumference of the 
circle passing through ABD, draw the line 00'. A repetition of 
the same process in the triangle BCD gives the points 2 2% through 
which draw the line N N', the intersection of which with O' gives 
the point P, which is approximately ihe lost station required. Only 
two triangles are shown in the diagram, to prevent confusion, but 
three at least ought to be employed to verify the intersection at the 
point T' if the original observations afford the means for doing so ; 
and where the three lines are found not to meet, but form a small 
triangle, the centre of this is to be considered the second trial 
station, from whence the real point D is to be found by repeating 
the process described above, unless the observations taken from it 
prove the identity of the spot by their agreeing exactly with the 
original angles taken during the triangulation. 

If the observed angle T' be less than the original angle, the dis- 
tances T 1, T r, T2 and T2', must be set off towards the stations A, 
B, and C, for the point T; and these stations should be selected 
not far removed from D, and forming triangles approaching as 
near as possible to being equilateral, as the smallest errors in the 
angles thus become more apparent. If the observations have 
been made carefully and with due attention to these points, the 
first intersection will probably give very near thie exact site of the 
original station, or at all events a third trial will not be neces- 
sary. 

To save computation on the ground, it is advisable to calculate 
previously the difference in the number of feet that an alteration of 
one minute in the angles at A, B, C, &c., would cause respectively 
in the sides AD, DB, DC, &c. The quantities thus obtained 
being multiplied by the errors of the angle at T, will give the dis- 
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It may perhaps be thought that too much stress has been laid 

^pon formsy in the above description of the details of an extensive 

survey ; but method is a most essential part of an undertaking of 

such magnitude ; and without excellent preliminary arrangements 

to insure uniformity in all the most trifling details, the work never 

could go on creditably. In topographical surveys on a smaller 

Bcale, where the boundaries of parishes, &c., are not to be shown, 

or the contents of various portions to be calculated, the same rigid 

attention to minutiae is not requisite ; but before closing this branch 

of the subject, it is only necessary, as a proof of the mass of valuable 

statistical and geological information that can be collected during 

the progress of a national trigonometrical survey, and which is 

quite out of the reach of any individual, to turn to the first volume 

of " The Ordnance Survey of the County of Londonderry." If this 

valuable accompaniment to the field operations could have been 

continued throughout every county, Ireland would be possessed of 

more available local knowledge than is on record in any part of the 

world. 

The following brief hints may be found useful in fiUing-in the 
detail of a survey with the chain and theodolite. 

The field-book should be kept in ink in the field, and have a 
distinctive letter marked on it as a reference; every days work 
should be dated, and the names of those employed entered. On 
an extensive survey it is also necessary that eveiy book should be 
bpt on precisely the same system, that one person might find no 
difficulty in plotting from the book of another. 

The theodolites should be constantly examined and adjusted, and 
the chains compared every day with a standard chain, or marks 
laid down from one for that purpose, and their errors, if any, either 
corrected or entered in the field-book, to be allowed for in plotting. 
The ofisets should be numerous, and minute in proportion to the 
scale upon which the survey is to be plotted*, and the names of all 

* From one to two chains should be the maximum length of offiets where the contents of 
indosures are to be computed, (»r eyen had. down on a large scale. These limits must of 
eoone be extended in filling in the interior in less accurate surveys, or which are to be 
plotted on a very small scale. As drawing-paper is very much stretched when mounted on 
a board, and partially contracts when cut o£f, and as it is always liable to change from the 
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towns, villages, kc, carefully noted, and care taken to insure their 
correct orthography, and to quote the authority upon which it rests 
when different from that sanctioned by custom. 

In measuring long lines between conspicuous objects, marks 
should be left, to be connected by check lines, or on which to base 
smaller triangles; where impeded by a house or any obstacle, the 
means of avoiding it and returning again to the measured Une are 
to be found further on. 

Irregular inclosures and roads, even where triangles cannot b 
measured, can still be surveyed by the chain alone, but of cours^^ 
not so accurately as with the aid of the theodolite. 

This method of " traversing" is managed as follows : — Suppos 




A B the first line, and B C the direction in which the next is re- 
quired to be measured, prolong A B to E, make B F equal to B E, 
and measure the cord E F, from which data the direction of B C 
can be laid down. 

The dimensions in the field-book may be kept either between 
two parallel lines running up the page, with the offsets written on 
the right and left of these lines as in the example facing page 36, 
or on a species of diagram bearing some sort of resemblance to the 
outline of the ground to be surveyed, which latter method is sup- 
posed to assist in the plotting; but if references to the starting 
points of the different lines, and their junctions with each other, are 
entered in the field-book kept according to the first system, and 
the angles forward written on the right or left of the ruled lines 
according to the direction of the next forward station, there can 
never be any diflSculty in plotting the work, even after a con- 
atmosphere, it is a good precaution to divide the scale for laying off distances firom the field- 
book, on the paper upon which the plot is to be made, as it will then always expand and 
contract with the outline of the surrey ; and also to mount the paper b^ore comvMndng 
plotting, or not at all. 
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lapse of time, which howcTcr should not be delayed 
loDgcr daii is absolutely necessary. It is customary for land sur* 
tcyois to compute their work from the plot, adding up the contents 
of each indosure for the general total, which is perhaps checked by 
die calculation of two or three large triangles ruled in pencil so as 
to correspond nearly to the extreme boundaries, whose lengths 
tie taken from the scale ; but if the rigid mode of computing CTcry- 
flung from the field-book is deemed too troublesome, still the 
ueas of the large triangles, measured am the gromnd, should be 
cdcnlated Jrom their dimensions taken /ram the field-book^ and 
flie cootents of the irregular boundaries added to or subtracted 
from this amount, which constitutes a far more accurate check upon 
flie sum of the contents of the various inclosures than the method 
in g^ieral use. The calculation of irr^ular portions outside these 
triangles is much facilitated by the well-known method of reducing 
irregular polygons to triangles having equivalent areas. 

When the contents of fields are to be calculated from the plot, 
the scale should not be less than twenty, and may be as much as 
three or four chains to one inch. The former of these two last 
scales is that on which all plans for railroads submitted to the 
House of Commons are required to be drawn, and the latter is used 
for plans of estates, &c. 

To return to the second division of this subject, viz. the filling 
up of the interior, partiy by measurement and partly by sketching, 
which is generally the mode adopted in the construction of topo- 
graphical maps. 

The roads, with occasional check lines, are measured as already 
described, the field-book being kept in the same method as when 
the entire county is to be laid down by measurement, excepting 
that all conspicuous objects some distance to the right and left of 
the lines are to be fixed by intersections with the theodolite, either 
from flie extremities of these lines or from such intermediate points 
as appear best adapted for determining their positions. These 
points when plotted, together with the oflFsets* from the field-book, 

* Mr. Holtzapfell's '' Engine- divided Scales," engraved on pasteboard, will be found very 
useful, and their low price is an additional recommendation. Marquois scales are also adapted 
for plotting and drawing parallel lines at measured intervals, as well as for other purposes. 
The offibet and plotting scales, introduced by Major Robe on the Ordnance Survey, are as 
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present so many known fixed stations between tbe measured lines, 
and of course facilitate thq operation of sketching the boundaries 
of fields, &c., and also render the work more correct, as the errors 
inseparable from sketching will be confined within very narrow 
limits. 

In all cases where the compass is used to assist in fiUing-in the 
interior (and it should never be trusted in any more important 
part of the work)y it becomes of course necessary to ascertain its 
variation by one of the methods which will be hereafter explained. 
Independent of the annual change in its deviation, the horizontal 
needle is subject to a small daily variation, which is greatest in 
summer, and least in winter, varying from 15' to 1\ Its maximum 
on any day is attained to the eastward about 7 a.m., from which 
time it continues moving west till between 2 and 3 p.m., when it 
returns again towards the east * ; but this oscillation is too small 
to be appreciable, as the prismatic compass used in the field cannot 
be read to within one-half, or at the nearest one-quarter, of a de- 
gree of the truth. Portions of the work, as plotted from the field- 
book, are then transferred to card-board or drawing-paper, or 
traced ofi* on thin bank post paper, which latter has the advantage 
of being capable of folding over a piece of Bristol board fitting 
into the portfolio, and from its large size, containing on the same 
sheet distant trigonometrical points which may constantly be of 
use. It can be folded over the pasteboard, so as to expose any 
portion that may be required, and when the work is drawing near 
to the edge, it is only necessary to alter its position. In moist 
weather, prepared paper, commonly termed asses' skin, is the only 
thing that can be used, as the rain runs off it immediately, without 
producing any effect on the sketch. 

The portable instruments generally used in sketching between 

conyenient as any that have been contrived. The plotting scale has one beyelled edge; and 
the scale, whatever it may be, engraved on each side, is numbered each way from a zero 
line. The ofibet scale is separate, and slides along the other, its zero coinciding with the 
line representing the measured distance ; the dimensions are marked on the bevelled edge of 
this short scale to the right and left of zero, so that offsets on either side of the line can be 
plotted without moving the scales ; and from the two being separate, there is no chance of 
their being injured, as in those contrivances where the plotting and offset scales are united. 

* See Colonel Beaufoy's experiments on the variation of the needle. Also the article Ob- 
servatory (Magnetical), Aide Mimoire. 
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measured lines and fixed points in the interior, as well as in mili- 
tary sketches made in the exigency of* the moment without any 
measurement whatever, are a small 4-inch, or box sextant (or 
some small reflecting instrument * as a substitute for it), and the 
azimuth prismatic compass. Any reflecting instrument is certainly 
capable of observing angles between objects nearly in the same 
horizontal plane, with more accuracy than the compass ; and from 
its observations being instantaneous, and not aflFected by the move- 
ment of tlie hand, it is better. adapted for use on horseback, but it 
is not so generally useful in filling up between roads, or in sketch- 
ing the course of a ravine or stream, or any continuous line. 

Whichever of these instruments is preferred, of course a scale of 
chains, yards, or paces, and a protractor, are required, for laying off 
linear and angular distances in the field. 

A very convenient method of using the latter for protracting 
bearings observed with the azimuth compass, is to have lines en- 
graved transversely across the face of the protractor, at about a 
quarter of an inch apart. The paper upon which the sketch is to be 
made must also be ruled faintly across in pencil at short unequal 
distances, at right angles to the meridian, with which lines one 
or more of those on the protractor can be made to correspond, 
by merely turning it round on its zero as a pivot, this point being 
kept in coincidence with the station from whence the bearing is to 
be drawn. The bevelled edge of the protractor is thus evidently 
parallel to the meridian, and the observed bearing being marked 

* In using rtflecting instruments, avoid very acute angles, and do not select any object 
for observation wbicb is close, on account of the parallax of the instrument. The brightest 
and best defined of the two objects should be the reflected one ; and if they form a very ob< 
tme angle, it is measured mpre correctly by ^viding it into two portions, and observin^f the 
Bogle each of them makes with some intermediate point. Also, if the objects are situated 
in a plane very oblique to ike horizon, an approximation to their horizontal angular distance 
is obtmed by observing each of them with reference to some distant mark considerably to 
the right or left, and taking the difference of these angles for the one required* 

The index error of a sextant must also be frequently ascertained. The measure of the 
diameter of the sun is the most correct method ; but for a box sextant, such as is used for 
iketching, it is sufficient to bring the direct and reflected image of any well-defined line, 
such as the angle of a building (not very near) into coincidence — ^the reading of the graduated 
line is then the index error. For the adjustment of the box sextant, see Simms on Mathe- 
matical Instmments. The less the glasses are moved about the better. 
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and ruled from this point, is the angle made by the object wi 
the meridian. 



/ 






wai 














B " 








r-^ '^' 
















/ 






A 







For instance, the bearing of a distant object upon which it is 
required to place, was observed from D to be 30*. The protractor 
in the sketch is shown in the proper pOBition for laying off this 
angle, and the dotted line DE is the direction required. 

In fixing the position of any point with the compass, by bearings 
taken from, that point to two or three surrounding stations whose 
places are marked on the paper, the zero of the protractor is made 
to coincide with one of these stations, and its position being ad- 
justed by means of the lines niled across its face and on the paper, 
the observed angle is protracted Jrom this station, and produced 
through it. The same operation being repeated at the other points, 
the intersection of these lines gives the re- 
quired place of observation. 

Instead of the above system of ruling east 
and west lines across the paper, lines may be 
drawn parallel to the meridian for adjusting 
the place of the protractor. Thus, suppose 
from the point D any observed bearing, say 
40*, is to be laid down. By placing the zero 
C of the protractor on any convenient meri- 
dian, and turning it upon this point as a pivot 
until the required angle of 40° at E coincides 
also with the same meridian NS, it is only 
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necessary to move the protractor, held in this position, slightly up 
Lnd. down upon this line, until its bevelled edge touches the point 
[> ; D F is then at once drawn in the required direction. The dis- 
ixinces may also be set off from a scale graduated on the edge of the 
protractor, by merely moving it along this line, D F, until some de- 
fined division corresponds with the station D. 

By observing with a sextant the angles between three or more 

known stations, the place of the observer can be ascertained, both 

instrumentally and by calculation, but not so readily as with the 

compass. The method of thus determining the position of any 

point will be explained hereafter- 

The plane table is perhaps the best contrivance for sketching in 
the interior detail of a survey with accuracy, but its size renders 
.it too inconvenient to be termed portable, and its use is now almost 
universally superseded by the portfolio and compass. The little 
reflecting semicircle invented by Sir Howard Douglas, is so far an 
improvement on the sextant that it protracts the angles it observes 
by means of a contrivance by which the reflected angle is doubled 
instrumentally, and the angle is protracted upon the paper by 
means of a bevelled projection of the radius. Other varieties of 
small reflecting instruments have also been contrived for the same 
purpose. 

The process of sketching between the fixed points plotted on 
the paper is similar to surveying with the chain and theodolite as 
far as the natural and artificial boundaries are concerned ; the 
distances being obtained by pacing; the offsets {if small) by 
estimation; and the bearings of the lines by the compass or 
sextant *. Everything is, however, herd drawn at once upon the 
paper, instead of being entered in a field-book. The features of 
the ground are sketched at the same time as the boundaries and 
other details ; and this part of the operation, being less mechanical 

* A straight walking-stick will be found very useful in sketching, not only for the 
pnipose of getting in line between two objects, which is easily done by laying the stick on 
the ground, in the direction of one of them, and observing by looking from the other end to 
which side of the opposite station it cuts, but also for prolonging a line directed on any 
known point to the rear. A bush or any other mark, obseryed in the line of the stick, 
uiwen ai well as another known point for pacing on. 
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than the preceding, requires (kr more practice before anything like 
facility of execution can be acquired ; it is, however, more par* 
ticularly connected with the subject of the next chapter, where the 
different methods of delineating ground in the field will be ex- 
plained. 

The following are the best practical methods of passing obstades 
met with in surveying, and of determining distances which do not 
admit of measurement, by means adapted for use in the field, 
most of them requiring no trigonometrical calculation. Some of 
these problems are solved without the assistance of any instrumait 
for observing angles ; but as a general rule (subject of course to 
some few exceptions), it is always better to make use of the theo* 
dolite, sextant, or other portable instrument, than to endeavoaf 
by any circuitous process to manage without angular measurement. 

The measurement of 
the line A D, supposed 
to be run for the deter- 
mination of a boundary, 
is stopped at B by a 
river or other obstacle. 

The point F is taken 
up in the line at about 
the estimated breadth of the obstacle from B ; and a mark set up 
at E at right angles to A D from the point B, and about the same 
distance as B F. The theodolite being adjusted at E, the angle 
B E C is made equal to B E F, and a mark put up at C in the line 
AD ; BC is then evidently equal to the measured distance FB. 

If the required termination of the line should be at any point C'. 
its distance from B can be determined by merely reversing the 
order of the operation, and making the angle B E F' equal to B EO 
the distance BF' being subsequently measured. There is no occa- 
sion in either case to read the angles. The instrument being levellec 
and clamped at zero, or any other marked division of the limb, « 
set on B ; the upper plate is then undamped, and the telescope 
pointed at F, when being again clamped, it is a second time mad< 
B ; releasing the plate, the telescope is moved towardi 
mier indicates zero, or whatever number of degrees i 
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W&s first adjusted to; and the mark at C has then only to be 

placed in the line AD, and bisected by the intersection of the cross 

wires of the telescope. 

If it is impossible to measure a right angle at B, from some 

local obstruction, lay off any convenient angle ABE, and set up the 

theodolite at £. 

Make the angle BEC equal to one-half o/^ ABE, and a mark 

being set up at C in the prolongation of AB, BC is evidently equal 

to BE, which must be measured, and which may at the same 

time be made subservient to the purpose of delineating the 

boundary of the river. 





The usual way of 
avoiding an obstacle 

of only a chain or -f 

two in length, such 
as a house or bam, is by turning off to the right or left at right 
angles till it is passed, and then returning in the same manner to 
the original line. But perhaps a more convenient method is to 
measure on a line making an 
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angle of 60° with the original — 

direction a distance sufficient to 

dear the obstacle, and to return 

to the line at the same angle, 

making CD=BC'; the distance BD is then equal to ejfher of 

these measured lines. 

The distance from B on the line Ao, to the trigonometrical point 
Of which is inaccessible, is determined c 

in the manner explained in the first 
method in the last page; the point 
C is taken at right angles to BA 
from the point B, and the angles 
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Another method — 

Prolong AB to any point 
J), making BC equal to 
CD; lay off the same dis- 
tances in any direction Dc 
=:c5; mark the intersec- 
tion E of the line joining 
Bcand^ft; mark also F the 
intersection of D£ pro- 
dncedy and of Ad ; produce 
D S, and B F, till they meet 
ma, and 
aJ=AB 
ac=AC 
aD=AD 

To measure the distance be- 
tween A and B, both being in- 
accessible: — From any point C 
draw any line Cc bisected in D ; 
take any point E in the prolonga- 
tion of AC, and join ED, pro- 
ducing the line to Dezz'E'D; in 
like manner take any point F in 
the prolongation of BC, and 
makeD/=FD. 

Produce AD and ec till they 
meet in a, and also BD Bxid/c 
till they meeting; then a 5= A B. 
If AB cannot be measured, but 
the points A and B are accessible, 
their distances from any point O 
are determined ; and by producing 
these lines any aliquot part of 
their length, as OP, OQ, the 
distance PQ will bear the same 
proportion to AB. 
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A right angle* can often be laid off when no means oi 
measuring other divisions of the circle are at hand. The distance 
A B can then be thus obtained : — 

BC and DE are both perpendicular 
to AD^ and the points £ and C are 
marked in a line with A ; then 

A-D^ BD. BC 
^^— (DB-BC)' 

The small triangle C^E being similar 
to ABC. 

Of course with a sextant, or other means of observing the angle 
ACB, AB becomes simply the tangent of that angle to the radius 
B C : a table of natural sines and tangents engraved on the lid 
of any portable reflecting instrument is often of great service, 
particularly in sketching ground without any previous triangulation, 
and in obtaining the distance to an enemy's batteries, &c., on a 
military reconnaissance. The height of a point on an inaccessible 
hill may also be obtained vrithout the use of instruments, thus :-* 
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* A perpendicular can always be thus laid off with the chain : — suppose a the point 
which it is required to erect a right-angle : 
fix an arrow into the ground at a, through 
the ring of the chain, marking twenty 
links; measure /orfy links on the line ab, 
and pin down the end of the chain firmly 
at that spot, then draw out the remaining 
eighty links as fiir as the chain wil 
stretch, holding by the centre fifty-link brass ring as at «; the sides of the triangle are tl 
in the proportion of three, four, and fiye, and consequently cab must be a right angle. 

An angle equal to any other angle can also be marked on the ground, with the ch 
only, by measuring equal distances on the sides containing it, and then taking the length 
the chord : the same distances, or aliquot parts thereof, will of course measure the same an{ 



40 



OF SURVEY. 53 

Drive a picket 3 or 4 feet long at H, and another at L, where 
the top of a long rod FD is in a line with the object S from the 
point A (the heads of these pickets being on the same level) ; mark 
also the point C, where the head of the rod is in the same line with 
S, from the top of any other picket B, and measure AF and BC ; 
lay off the distance BC from F to b, and the two triangles ADft 

PS AB HI 

and A S B are evidently similar, whence ©f ^ Xft" ^ HO ^^^ 
= ^»=l^- PS therefore = DF. |i ; and AP=AF. |i. . 

A few other methods of ascertaining distances and heights, more 
particularly connected with military reconnaissances, will be found 
in the next chapter. 

Where angles can be taken between three inaccessible objects, 
the relative positions of which are known, and can be laid down 
on paper ; the place of the observer can be ascertained either by 
(xdculation, by constrtiction, or by means of an instrument used 
for that purpose, called a " station pointer; " or, what is better 
still, a piece of thin tracing paper, with the observed angles plotted 
upon it, can be shifted about until the point falls into the only spot 
from whence the lines containing these angles pass through the 
three fixed stations. The case is a very common one in maritime 
surveying, where the two first methods of solution, calculation and 
construction, are seldom thought of; and the last, which is the 
most simple, and sufficiently correct for the purpose, generally 
adopted. In a trigonometrical survey, of course, this method 
would never be thought of for fixing a station, but the calculations 
.for the different cases that may occur of the three points being in 
one line, or forming a triangle toithin or without which the 
observer may happen to be, will be found, with a mass of other 
information on such subjects, in " Adam's Geometrical Essays," 
pp. 169 to 177. 

The following is the mode of obtaining the position of the 
observer by construction, in the case that most commonly occurs, 
viz. when the three points form a triangle, without which the 
place of observation lies : — O, P, and Q represent the three points 
on shore whose positions have been determined by interior tri- 
angulation, and S a rock or anchorage, whose place is to be deter- 
mined with relation to the stations above mentioned. Suppose 



64 iivTBBiOB nujno-iK 

the mmrle QSP is obMrred 35% and PS0=4(r, describe a drde 




passing through Q, S, and P, which is thus done : — Double the 
angle QSP which=70~; subtract this from 180, leaving 110'*; 
lay off half of this, or 5S* at PQR and QPR, and the angle at R 
is evidently =70% or double QSP; now the angle at the centre 
being double that at the circumference, a circle described from R 
as a centre with the radius RQ, or RP, will pass through the point 
S. In like manner a circle described from V, with the radius 
VP, will also pass through S, and their intersection gives the spot 
required. 

For the analysis of the calculation of. this problem, vide 
" Puissant, Greodesie," vol. i. p. 233. 

The method of surveying any tract of country through which 
a line of railway is projected or has been determined upon is so 
similar to that of measuring roads or other continuous lines by 
^' traversing '' with the chain and theodolite, that it does not 
require any peculiar directions. The lines, however, being ge- 
nerally very long, must be measured with the greatest exactness, 
and the angles be observed . with proportionate care. Where 
practicable also, the work should, whilst in progress, be tested by 
reference to known fixed points near which it passes, which can in 
most cases be obtained from good maps. The existing Standing 
Orders of Parliament regulate the scale upon which these surveys 
are required to be plotted in England ; and the lateral deviation 
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allowed from the proposed line of rails, with other local causes, 
determine the breadth required to be embraced in the survey. 

For the methods of laying out the lines of railways ; the levels of 
the different portions ; determining the curves, gradients, and slopes 
of embankments and cuttings, &c., every information can be ob- 
tained from the works of Mr. Hascoll and many others ; and it 
would be out of place here to attempt any description of subjects 
which belong to a most important branch of civil engineering, and 
embrace such a multitude of details. A few remarks, however, 
upon the method of taking sections for railways, and the scales 
upon which they should be plotted, will be found in the chapter 
upon Levelling. 
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CHAPTER V. 



MILITARY RECONNAISSANCE, AND HINTS ON SKETCHING GROUND. — 

GERMAN SYSTEMS OF DELINEATING GROUND. HORIZONTAL 

CONTOURS. GEOLOGICAL MAPS.— CONVENTIONAL SIGNS. ' 

The sketch of any portion of ground for military purposes should; 
in all cases, be accompanied by an explanfitory statistical report, 
and the combination of these two methods of communicating 
local information constitutes what is termed a Military JReconnais- 
sancCy in which the importance of the sketch, or the report, pre- 
dominates according to circumstances. 

The object for which a reconnaissance is undertaken naturally 
suggests the points to which the attention of the officer should be 
principally directed ; if for example, it is merely to determine the 
best line of march for troops through a friendly or undisputed 
country; the state of the communications, the facilities of trans- 
port, and possibility of provisioning a stated number of men upon 
the route, are the first objects for his consideration. If the 
ground in question is to be occupied either permanently, or for 
temporary purposes, or if it is likely to become the seat of war ; 
his attention must be directed to its military features, and a sketch 
of the ground, with explanatory references, together with a full 
and correct report of all the intelligence he can collect from 
observation, or from such of the inhabitants as are most likely to 
be well acquainted with the localities*, and most worthy of 
credence, will demand the exertion of all his energies : upon the 
correct information furnished by this reconnaissanpe may depend, 
in a great measure, the fate of the army. 

* It is almost needless to point out the incalculable advantages of being a good modern 
linguist to an officer employed on duty of this nature in an enemy's country. 
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The principal points for observation in a military sketch and 

;eport are — 

Roads. — ^Their direction ; nature ; liability to injury ; facility of 

repair; practicability, in what seasons, and for what species of 

troops ; exposure to, and means of security from, enfilade ; whether 

bordered or not by hedges, ditches, or banks, &c. 

Canals. — Means of destruction, or of rendering them of use ; 

construction; depth of. water, size of locks, &c. 

Rivers. — ^Their sources, width, depth, velocity of current; 
fords* for infantry and cavalry, whether permanent, or only 
passable at certain periods of tide, or seasons of the year, and if 
exposed to fire ; means of passage ; profile of banks ; size and 
nature of vessels and boats employed in the navigation ; tributary 
springs and rivulets ; bridges, with their dimensions, materials, and 
construction, and means of destroying or repairing them. 

Military Features. — Inclination of slopes, and all irregu- 
lariti^ of ground ; accessible or not for cavalry or infantry ; de- 
scription of country, open or inclosed ; relative command of hills f; 
ravines ; forests ; marshes ; inundations ; barriers ; plains ; facilities 
for landing, if on a sea coast ; military posts, and fortified towns, &c. 
Statistical Information. — ^The population and employment 
of the different towns, villages, and hamlets, contained within the 
limits of the sketch. Agricultural and other produce ; commerce ; 
means of transport ; subsistence for men and horses, &c. ; with a 
variety of minute but important details, for which the reader is 
referred to the excellent essay on this subject, in the fourth volume 
of the "Memorial Topographique et Militaire;" to the "Aide 
Memoire des OflSciers du Genie ;" Macauley's " Field Fortifica- 
tion;" &c. 

The degree of accuracy of wbich a sketch of this nature is 
sosceptible depends upon the time that can be allowed, and the 
means that may be at hand. If a good map of the country can 

* A ford should not be deeper than three feet for infantry, four feet for cavalry, and two 
and a half for artillery and ammunition waggon8.^Macauley'8 '' Field Fortification." The 
nature of the soil at the bottom should always be ascertained, and also if it is liable to 
iliift, which is the case in a mountainous country. 

t If actual differences of level cannot be determined for want of time, still relative 
command may be obtained, and numbered 1, 2, 3, &c., accordingly. 
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employed oa a reconnfusBance ; and as they can always be carried 
without inconvenience about his person, or strapped in front of 
his saddle, he need never be driven to the neceBsity of eketching 
eotirely without their aflsiBtaace, though the practice of doing so 
occasionally is decidedly of service, as it teaches him to make use 
tf Jua eyes, and tends to make him a good judge both of linear 
and angular measurement *. 

Sketching such parts of the interior detail as have a decidedly 
mAed outline is comparatively easy, but the delineation of 
greond, bo as to represent the various slopes of the hills and 
nRgulBritiee of the surface, is br more difficult; and methods 
hm been adopted both on the Continent and in this country, as 
lystems iar expressing these features, giving not merely a general 
! idea of their character, but a mathematical representation of 
tlur various complicated indinations ; so that the angle of every 
dope might be evident from a mere inspection of the drawing, 
or measoTed from a scale ; and, consequently, furnishing data for 
coDstnicting sections of the ground in any required direcdon. 
This d^ree of perfection would of courae be most desirable in 
military sketches, as well as in finished topographical plans, but 
the labour and difficulty attending the execution will always 
[(event its general application, excepting in surveys of a national 
diaracter, or of limited detached portions of ground. 

Hie two methods in general use for representing with a pen or 
pacil the slopes of the ground are known as the vertical and the 
iorizoiUal. In the first of these the strokes of the pencil follow 
the course that water wouM take in running down these slopes ; 
in die second (which is comparatively of late introduction) they 
r^XBsent horizontal lines traced round them, such as would be 
tbown on the ground by water flooding the country at the different 
stages of its progressive altitude. This last is the mode now 
gmerally practised, and it certainly produces a more correct re- 

* A {ootnctoE {tea mnt of a better) can be made by 
Mding a iqiiarB or netaugaiaz piece of faper into three, 
vludi, vhoi doubled, ^Tidei the edge into ux porlicDU of 
fiftei degreei each ; Aese can be again dirided into tluee 
puti, b; vbicli nn^et of Eve degnei em be laid down, or 
eien ippconniatelj abaeiTed, the intennediate d^ree* 
bong judged 1^ the eye. 
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presentation of the general character and features of the ground 
tlian the vertical method*. Neither of them, however, when 
sketched by the eye, between fixed points and measured lines, 
aspires to the mathematical accuracy which is obtained by tracing 
with a theodolite or spirit level, horizontal contour lines at equi- 
distant vertical distances over the surface of the ground, the 
method of doing which will be treated of in the chapter upoa> 
Levelling. Systems have also been introduced into Germany, 
founded upon a proposal by Major Lehman, for representing the 
slo{>CH of the ground by a scale of shcuie consisting of a com- 
bination of vertical and horizontal lines, but they have not been 
adopted in this country. The light in Major Lehman*s system, as 
is generally the case in describing ground with a pen, is supposed 
to descend in vertical rays, and the illumination received by each 
slope is diminished in proportion to its divergence from the plane 
of the horizon. As vertical rays falling upon a plane inclined at 
an angle of 45° are reflected horizontally, this slope, which is 
considered the greatest that is ever required to be shown, is also 
considered the maximum in the scale of shade, and is represented 
by perfect black. A horizontal plane reflects all rays upwards, 
and is, therefore, represented at the other end of the scale by 
perfect white; and the intermediate degrees being divided into 
nine i)arts, show the proportion of black in the lines to the white 
spaces intervening between them for every 5° ; which at 5° is 1 to 
8; at 10°, 2 to 7; mt U%v3 to.&.M. Figure 1 wiU explain the 
construction of this scale,- aidd the tbickness of the strokes drawn 
on this principle miiat.1)e .copied iiQ- the. hand becomes habituated 
to their formation. In sketching ground the inclinations must be 
measured or estimated, if the eye is experienced enough to be 
trusted, and are to be represented by lines of a proportional 
thickness. To this system is to be objected its extreme difficulty 
of execution, as well as that of estimating correctly by the eye the 
angle intended to be represented by the thickness of the lines; 
though Mr. SibornJ wLppsl^i^d ja work in 1822 on '^ Topogra- 
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* Very good specimenii of bO^b^iheB^' 'stales elf A^toKii^-Mlffil^^to*^ 
Burr's ** Practical Surveying." The vertical is best aidapted to a military sketch if pressed 
for time, as, howeyer roughly it may be scratched down, a good general idea of the ground 
is conyeyed. 
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phical Plan Drawing/' founded on this system of Major Lehman's, 
considers that between 10° and 35° of altitude the slope may be 
Tead by mere inspection within 1°; more accurately, indeed, than it 
can possibly be measured on the ground with a clinometer, or any 
portable contrivance of the sort. In Mr. Siborn's work contour 
lines are recommended to be drawn merely as a guide for the 
vertical strokes ; but the system of tracing these horizontal lines 
^\> fixed vertical intervals, and drawing between the contours 
vertical strokes, without any reference to their thickness, but 
merely their direction, presents a far more easy mode of expressing 
I correctly the actual surface of the ground, and infinitely more 
intelligible to those who have to make use of the plan. Indeed, if 
the contour lines are traced, at short vertical distances, either fixed 
or varying according to the nature of the ground, there is no 
occasion for the vertical strokes whatever, as these always cut 
the horizontal lines at right angles ; this was the method recom- 
mended, wherever the ground was required to be shown very 
accurately, by the committee of French officers of engineers, 
appointed, in conjunction with some of the most scientific men of 
that period, to establish one general system of topographical plan 
drawing. The combined method of vertical lines and horizontal 
contours, at one fixed difference of level, is described in the 
German work alluded to, and also in Sir J. C. Smyth's " Topo- 
graphical Memoir." From the vertical distance being a constant 
quantity, the angle formed by the slope of the ground is obtained 
hy taking the length of the vertical line between any two of the 
contours in a pair of compasses, and applying it to a scale con- 
structed upon a simple principle, self-evident from the figure. 
Above 45 the base, or " normal,^' becomes too short to be ap- 




preciable if it has been constructed to suit moderate inclinations 
of the ground; and if on account of steep declivities the normal 
18 mcreased in length, it becomes quite unmanageable on gently- 
inclined surfaces. 

By way of obviating this difficulty, and also making the same 
scale of normals still universally applicable, the vertical distance, 
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where required from the bold nature of puticular alopes, is deal 
or tripled^ and these Dormals distinguished from others of the 
length by being represented with thicker double or triple limei. 
contrivance^ the invention of Colonel Van Grorkum, is most 
extolled by Sir J. C. Smyth, in his ''Topographical Memdry^i 
which he strongly recommends the adoption, in the British serm^j 
of some part of the detail of this method of sketching ground, vd\ 
proposes to omit the horizontal contours, but to take the angles of] 
depression of the hills in sketching, and to represent their slopOi 
not over the whole plan, but occasionally on ground of the mod 
importance, by normals of the proper length corresponding to sndi 
a vertical distance as may be judged best suited to the scale 
employed. On a scale of 4 inches to 1 mile. Colonel Van Grorkum 
fixes his perpendicular at 24 feet: Sir J. C. Smyth, in thB 
memoir alluded to, has tabulated what he considers best adapted 
to the four scales in most general use ; making it, at 6 inches to 
1 mile, 22 feet; at 4 inches, 32 feet; at 2 inches, 66 feet; and 
at I inch, 132 feet At 13^, in aU these cases, he doubles the 
perpendicular, and at 60^ triples it. With all deference to such 
authority, it is conceived that horizontal contour lines, traced at 
short knoum and generally equal vertical distances over the 
ground, afford ample data for the construction of sections in any 
required directions, even more accurate than a model of the features 
of die ground. The delineation of ground on the Ordnance Survey 
is now entirely effected on this system. The contours are traced 
witli a spirit level or theodolite at different vertical intervals suited 
to the character of the surface, but averaging about 100 feet; these 
are interpolated with intermediate contour lines, traced with a 
water level, as being more expeditious, at the constant vertical 
distance of 26 feet. For the method of tracing these instrumental 
contour lines, see the chapter on Levelling, to which this subject 
more particularly belongs. 

For representing the features of the country in a topographical 
plan, on a moderate scale, where the surface of the ground is not 
required to be determined with mathematical precision, the hori- 
zontal system of etching the hills, alluded to in page 34, is suffi- 
ciently accurate, and has the advantage of being generally intelli- 
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le. In addition to the sketch of the ground^ a representation of 

geological features of the country can be given, without at all 

ering with or confusing the sketch, by tracing on the back of 

paper the divisions of the geological features, the different por- 

of which are afterwards coloured according to the conven- 

sjrstem of distinguishing the several various formations on 

ogical maps. On holding the sketch against the light these 

isions appear clearly visible, though in any other position of the 

r they are not in the least perceptible. Geological sections 

also be shown on the margin of the sketch, having reference 

lines drawn across it*. 

The inclination of such slopes as are of peculiar moment are 
tteasored with a '^ Clinometer," and the angles written either on 
the slopes themselves or as references. This little instrument can 
be made by cutting a small quadrant out of pasteboard and roughly 
graduating the arc. A small shot, suspended by a piece of silk, 
btma the plummet; and independently 
of lis use in measuring vertical angles, 
, it 18 of great assistance in tracing level 
' lines in sketching the contours. The 
instrament sold under this name is made 
with a spirit level ; but the substitute, as 
described above, answers the purpose 
equally well, and moreover, from its 

being made merely of pasteboard, fits into the pocket of the 
sketching portfolio. 

The slopes most necessary to note on a military sketch are those 
which relate to the facilities of ascent for artillery, cavalry, and 
infimtry. According to the "Aide Memoire," a slope of about 
60®, or of 4 to 7, is inaccessible for infantry. 
46®, or of 1 to 1, difficult. 
If 30®, about 7 to 4, inaccessible for cavalry. 
16®, „ 4 to 1, inaccessible for wheel carriages. 
6®, „ 12 to 1, easy for carriages. 
The leading features of ground are the summit ridges of hills 
(sometimes termed the water-shed lines), and the lowest parts of 
the valleys, down which the rain finds its way to the nearest rivers 

* The geological part of the Ordnance Surrey is now quite distinct from the geodencal. 
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or piv>K called water-cooree lines. These two directiiig lii 
- TTAi^i iKJth care, i^-ill alone give some idea of the snrfroe of Ibj 
Oi^untrx , and assist materially in sketching the hillsy particnliilf7| 
drawn on the horizontal system, as the contour ttnes ohDOfteimiVi: 
ihr ri^pr^ and ail linn of greatest inclination at right mi^ 
li is a ion' common errors in first banning to sketch ground, ^Ki^ 
rcirani hills as isolated features, as they often appear to the gb 
l^hscnaiion, and a slight practical knowledge of geology, heMAi 
pn^iiirt- morr enlarged ideas respectii^ their combinations; ml 
:infc]«>i;> ^'kon pi^ints out where to expect the existence of M^ 
Npri;ics, drtilff^, and other important features incidental to peooh 
foT-mniions. Thus appearances that at one time presented noAiflg |ix 
Slit oontiision and irregularity, will, as the eye becomes more a- 
)V':*i{>noe4^. he nvognised as the results of general and kno¥mliWB 

Thr ivpresentation of the outline of the hills, and their rehtit* 
«^^n''.ml>1l«^, is Alst> materially assisted in a topographical plan,a]i^ 
^vtv"r M"'"! fA^l^flfi in a miHiarg reconnaissance, by a few outlio^ 
vk;'j,-hr*s tAkei; fI^^m spot* where the best general views can b© 
,^Mj;.."»«vS a iii^rii^ of these topographical sketches running along' 
. ?^ 'f;^ic' y. ,^:" A r&nct' of hills^ and a few taken perpendicular to thte 
. \\i',v... n;:w.a ir. some degree the place of longitudinal ano 
..;..»* ;^v;' s;v: \v.-i> ; And civo^ in addiuou to the information coift^ 
vi.i^v. ;*\ A ;"i-ir:v section, a general idea of the nature -of tb^ 

V »L\\v. ■;:»^.j:r.^;^:it of distances is indispensable in sketchipS 
^ \\ N". x^xrr. v.\ ti'.iuK' up the interior of a survey, and more part^'^ 
, ..:a a :■/. r. :\\\v,uiaiss:«uv. \^hejv there has not been either tim^ 
.N v,^\;'.> !\v. ;5.vur,^tc nu\^suroment and triangulation. Practising 
^^. A ^'w o;',\s w/.i en,^We an otSoer to estimate with tolerable 
.•.,\ ,..,;* \ J ho uj^jith And uvenigv quickness of his ordinary pace, as 
.^Ns^ sV.? ^^; !v.s hvvsj^ ^.^s on a rapid reconnaissance he must neces- 
vAv.A V »,r.ou:^.t«\^.\ ;uid the habit of guessing distances, which can 
.^. ^v; \> ,i*\$s Iv X or*.fu\l, ^\ ill tend to correct his eye. A micrometical 

m 

>Ns.t V* v/. tiu^ c\5^}M«\v of his field tele^ioope, with a corresponding 
...:vs* x^t oisitAi^vs, )s iUso a very useful auxiliary'; and the gradual 

" N.V ,-,NJs.'.'isv'. .M l''r l^\**ier'» micxvonetical telescope, in Dr. Pearson's Practical 
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blending of colours, the angles subtended at different distances by 

objects of known dimensions, such as the height of a door, or a 

'■ man, and the well-known rate at which sound has been ascertained 

to travel*, will all materially assist him. According to the "Aide 

M^moire," the windows of a large house can generally be counted 

tithe distance of 3 miles; men and horses can just be perceived 

tt points at about 2200 yards ; a horse is clearly distinguishable 

at 1300 yards; the movements of a man at 850 yards; a man's 

fcead clearly visible at 400 yards; and partially so between that 

distance and 700 yards. 

These directions, however, cannot be considered as infaUible, as 
the power of vision differs so materially ; but nothing can be more 
easy than for an officer to make a scale of this kind for himself. 

Another easy mode of judging distances is by marking on a 
scale or pencil held at some fixed distance from the eye, the ap- 
parent diameter or height, at different measured distances, of any 
objects the dimensions of which may be considered nearly constant; 
the average height of a man, a house of one or two stories, the 
diameter of a windmill, &c., will furnish suitable standards ; and a 
short piece of string, with a knot to hold betweisn the teeth, will 
serve to keep the pencil always at the proper distance. Suppose 
these scales to have been carefully marked for four or five of these 
objects, at Ae distance of 160, 200, 300, &c., yards, they will 
evidently afford the means of obtaining an approximate distance ; 
bat even without this scale, if Ae pencil b be held up to Ae eye at 
any distance a, and the height or diameter of any object h of 




* About 1100 feet in one second. A light breeze will increase or diminish this quantity 
15 or 20 feet in a second, according as its direction is to or from the observer. In a gale a 
eontidecable difference will arise from the effects of the wind. A common watch generally 
beats five times in one second. See '' Philosophical Transactions/' 1823. The number of 
pulsations of a man in health is about 75 per minute. Either of these expedients will serve 
as a sort of substitute for a seconds watch. The velocity of sound is affected by the state 
of the atmosphere, indicated by the thermometer, hygrometer, and barometer; according to 
Kr. Goldingham, -^ of an inch rise in the barometer diminishes the velocity about 9 feet per 
second. Mr. Baily rates the velocity of sound, at 32° Fahr., at 1090 feet per second, and 
directs the addition of 1 foot for every degree of increase of temperature above the freezing 
point 

F 







dte ondne of a wixk wUck cumot bej| 
tiaa^ff, far the poipaae of tiac^ pataUds and c 
flf Utfarie^ ihe best pfan is to i 

of the praloogatioas of the fiices ^ 
lifc ihe Bae <a vlncli tke disl an c c B are bei 
i^ iMhMd of Bcrely "'■''■-■■■g nlenectkxis of the s 
t f^***^ SooD after sonrise, n 
are the best times ftx these observations, n 
are then most stroogiv marked ; in the middle of 
ifat ^9 it IK oAeo impossible to disimginsh anythii^ of the outline 
gf a wBik of low profile, eveai at the distance of 200 or 300 



If the popendicular distance from the angle, or any other pcHOt 

of likeGue of a frork, is required to be ascertained in the field; and 

the lioe ntarited on the ground for the puqiose of laying out i 

hattery, it can be readily done by the following method : — 

Pig. I. Fig.% 




SupfMwe, in each ot the figures above, A to be the point from 

vN. .'. ti.,- .ijstuMce IS I'etjuired on a line perpendicular to AB; mea- 

. 1 b, ill a direction nearly parallel to A B, and 

C uml D, formed by the line CD, and each of the 

\'>tw \ :[,iJ li; li bcmg some marked object, situated anywhere Ol 
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-the Kne of the work, probably a salient or re-entering angle. From 
these data ascertain the values of AB, and the angle ABD, either 
ly calculation or by any of the practical methods already described; 
2E is then the secant of the angle ABD ^o radius AB, and the 
diiSerence D £ between this quantity (to be found by means of a 
table of secants), and the calculated distance B D being laid off either 
on the line D B from D towards B (as in jftg. I), or on the prolonga-^ 
tion of this line (as in^. 2), the distance AE becomes the tangent 

of the same angle also to the radius AB; and the distance required 

for the battery can therefore be laid off on the ground by increasing 

or diminishing the length of this line AE. 

■ The direction of the capital of a work, and the distance from its 

salient, can be thus determined in the field. 
On any line OQ, 



mark two points, O and 
P,in the prolongation 
of the feces, the dis- 
tance between them 4-;,- 

being measured or 
paced. Take any other 
point R, one hundred 
paces or any conveni- 
ent distance from P 
and make the angle 
PRT equal to that observed at O; T being in the prolongation of 
SP. The triangles OSP and RTP are therefore similar, and the 
angle T being bisected by the line TV, it results that RP : P V : : 
P : P X ; which distance, laid down on the line P O, gives the 
point X required in the prolongation of the capital. The sides of 
the small triangle TPR and TV being all capable of measure- 
ments, OS, SP, and SX can, if required, be all found by a similar 
simple proportion*. 

It is, however, generally practicable to obtain a plan of any 
attacked work and of its environs, more or less correct ; and on this 

* With a pocket or prismatic compass this operation may be moie easily peifoimed ; by 
takmg up a pontion on the prolongation of each face, and observing their inclination to the 
o^gnetie meridian, that of the line bisecting the salient, or the capital of the worit, is at once 
known; for the'mean between the two readings will be the bearing of the salient when the 
observer is npon the capital ; and by measuring a base in a oonyenient situation^ the distance 
may be readily found. 

p 2 



n8 HILITART BSCONNAIflSANCB, AND 

wiy pcK«pltb)e tmn dnodTcrad during the reconnaissance are 
iuiirk<H(. On «})|m«cbiDg a place by Hay, the officer should be 
mAhWi m aa to attract little atteotion ; but supported at u distance 
by tn.wpa, hid fi<aai otMcrratiaii br any corer that can be taken 
•ftlvanla^ i.tf. fly m if k l be dioaU be accompanied by a strong 
|)Mty : «iid by advaacin; as Dear as poaaible towards daybre^ 
NmI ivtiratg ^ntdvalht, he wtmiU be enabled m make more correct: 
•kMPKMMM* a* te ^ oadina ^hI aIMB of icanr of the works thao 




vtA M» iwai^r niiinhMipTih b»lilllawii^tlie''jMfeJBaMR 
^>NI»r yailhfaii i« t«H Hwa aw mi b» tfaantmyafwde- 
«Mltl Iw lih«M Mpw. Bey«>dtbabwtbUaRalHoh[leb-necesar]r, 
—J y iaantty waJunttood^ii is &r better m txast t» refeences wiittait 
<Mt^ ftiC* of iIm »ka«oh. and iba eifluattx; apen, t^tt br tt- 
iinmiHM^( to omwa^ w mock lafinmiiDB bw tfiaaa eom cal iwri 
Ipwlfclb Uit-WBW>|Hnt ■itfiii^rtVil mpff— IHiiM iftfaegtomJ, 
»W>iw%Awii^a» J iyh MJ irf ff#r iJ r taiiampiii i i f dm 
A i>mI^ b^Oi mw of kw ^he tfaia ■■. wJBSmmt. aketck with 

IMw w« jBMH%fiM o g a iB lin im r s^h^ anfcaUe onfy to 
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•Smithies. A mall hone-shoe with the open side toned towards the 
road. 

Q Limekiln. 

Turnpike roads. The Adefrtm the light shaded. 
Cross roads. Narrower, and both sides alike. 
"^^ Bailroads. Both sides dark, yery narrow, and perfectly paralleL 

— g=^ II ■ Canals. Distinguished from roads by the parallelism of the sides, the 

locks, and bridges, and by haying the side next the light shaded 
like riyers. Canals and nayigable riyers to be coloured bine. 

<K Windmills. 

■^CZJp Bridges. 

Fords. 




A Trigonometrical point 



BOUNDABIBS. 
— Counties. 
.Baronies. 

.. Parishes. 
.^.Townlands. 

—Counties and Baronies. 

— — Counties and Parishes. 
.._ Counties and Townlands. 

• — — Baronies and Parishes. 

-•——Baronies and Townlands. 

'-""Parishes and Townlands. 

.»- Counties, Baronies, and Parishes. 

...» Counties, Parishes, and Townlands. 
._.. Counties, Baronies, and Townlands. 
Baronies, Parishes, and Townlands. 

-•.... Counties, Baronies, Parishes, and Townlands. 






CHAPTER VL 



Tmv^ wteti^x! ^^f 9til^efftaMHH^: di^ iMijiwi of level lidw e eu stft- 

<j^^;j(tv>tii i^ ierirr^ssM^ k» ali«HlT km dhdbi to m page 32, 
««U >»rQytMrc :$l^.-^'0t^ .*< dTvaoii cmi W tdboa m i^ SMHie Burner, 

iNts><^ 9«»1N( tibf T*'^ cccT:<l^.'ca^f» das «»ss W afffierii a» dl imtkal 
iMi^W %^bnfe t>$t^£ M- *dif jocpwisi^ •rf' -^teana^ acSHDve alritiirs 

!K 4 li^ ^itoi^:^ xtic^^ ^ ^^nTKici&flK IDT HM' HJiffiii^ la 

ij3^ ^ttH^^r ;i%((iii4t$QicM; jir^iit ite" vctsofiff « ^20: t&t aoa^ ^r*«r Smml; 
^ lW ^iftfhmmc itmti; m^ ti ctnnsit^ c&r juiijiiiiii iriliimfr <ar 
vjk^fK^«$($nw; i^^xHuAt^t >« :Oi»e ^wwr ^ganns -af agaric ^itwi'HMrtM u jorf 

n^vit ^ *^>ii^ ^ 4tfiatm»w* ^lamira: ii^ :&tti: «xtiiifiuii9£ mspobk t&r 
twM^ ^movoti' 4C ^ ^*tmint ^r :tiir :}ac(&- Joit tfi^ iwsmit himil t&ar 

Miiw "inf ^^i«ctiu3uc> :$QittiUW lunafittfL. SiwK iimmimml line i^ 

:iitr iiiftstjoi:^ "wsviwir. "iiir ipiiMiiiitc mt: ^rim jp«*l jc MXfr liauyri' 
imiir ? gummc "^ jdfecr Jt Tntrmgniir. tinr Ar j u wHt. jwr jr -faf 
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Putting a for the arc AD, < for 

the tangent AB (the horizontal 

line, or line of apparent level), r 

for the radius A C, or D C; and x 

for the excess of the secant B C 

above the radius or the difference 

between &e true and apparent 

levd. Then (f + xY-r'' + t\ 

Whence x (2r + a*) = /* ; and, owing to the small proportion that 

any distance measured on the surface must bear to &e earth's 

radius, 2 r may be substituted for (2r + w), and the arc a for the 

tangent t; 2 r a? then becomes = a*, and a? = gT which, assuming 

the mean diameter of the earth at 7916 miles, gives x = 8*004 inches 
or *667 of a foot for one mile ; which quantity increases as the 
square of the distance. Or otherwise, 

2r + a? : / : : / : a:, 
ox2r I a II a I Xy X being omitted in the expression (2r + ar) 

a* 

and a substituted for t ; whence a? = §7 ^® before. 

A very easily remembered formula, derived from the above, for 
the correction for curvature in feety is two-thirds of the square of 
the distance in miles; and another, for the same in inches, is the 
square of the distance in chains divided by 800^. 

The second correction, terrestrial refractiony on the contrary, 
has the effect of elevating the apparent place of any object above 
its real place, and consequently, above the sensible horizon. The 
rays of light bent from their rectilinear direction in passing from a 
rare into a denser medium, or the reverse, are said ioherefra^cted; 




* The amonnt of the coRectkm for curvature at different distances will be found by re- 
ference to the tables, and further renmrks on Atmospheric fiefiaction in the chapter on the 
])efiniti(His of Practical ABtron<nBy. 
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and this causes an object to be seen in the directjon of the tangent 
to the last curve at wliich the bent ray enters the eye, as in the 
last 6gure. 

A is any station on the surface of the earth, the sensible horizon 
of which is A B ; C and D are two stations on the summits of hills, 
of which C is su|)|)osed in reality to be situated on the honzontal 
line AB, and D above it, the angle of elevation of which is BAS. 
Owing, however, to the effects produced on tlie rays from these 
objects, in tlieir passage to the eye, by the atmosphere through 
which they pass, they are seen in the directions A s and A h, tan- 
gents to the curve described by the rays, and BA i, and SAs, are 
the measures of the respective terrestrial refractions. 

Above eight or ten degrees of altitude, the rate at which the 
effects of refraction decrease as the altitudes increase (varying with 
the temperature and density of the atmosphere), is so well ascer- 
tained, that the refraction of the heavenly bodies for any altitude 
may be obtained with minute accuracy from any of the numerous 
tables compiled for the purpose of facilitating the reduction of astro- 
nomical observations; but when near the horizon, the refraction, 
then termed terrestrial refraction, is so unequally influenced by 
the variable state of the atmosphere that no dependence can be 
placed upon the accuracy of any tabulated quantities*. The rays 
are sometimes affected laterally, and they have been even seen 
convex instead of concave. Periods for observing angles of de- 
pression and elevation, particularly if the distances between the 
stations are long, should therefore be selected when this extra- 
ordinary refraction is least remarkable ; morning and evening are 
the most favourable ; and the heat of the day afler moist weather, 
when there is a continued evaporation going on, is the least so. 

[t is a common custom to estimate the effects of refraction at 
some mean quantity, either in terms of the curvature, or of the 
arc of distance. The general average in the former case is -}- of 
the curvature, making the correction in feet for curvature and re- 
fraction combined =.^ D', D being the distance in miles as before. 
In the latter the proportion varies consideraby t ', und General Roy, 

• PuisiBiit '• Geodesie," vol. J. p. 3J2 ; and " Rectierchei lur le< KS&actioni Eitraordi- 



■ Can's " SynopsiB of Practieal Fhiioaophj," 



\ ' Letelliag/ and ' Eefiaction.' 
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in the operations of the trigonometrical survey, assumed it at ^q, 
and sometimes at -^i, in cases where it had not been ascertained 
by actual observation of reciprocal angles of elevation or de- 
pression, by the following simple method *. These angles should, 
to insure accuracy, be observed simultaneously, the state of the 
barometer and thermometer being always noted : — 

In the accompanying figure, C represents the centre of the 

earth, A and B the true places of two 

stations above the surface SS; AD, 

BO are horizontal lines at right angles 

to tiie radii AC, BC; a and b are also 

the apparent places of A and B. 
In the quadrilateral AEBC, the 

angles at A and B are right angles, 

therefore the sum of the angles at E 

and C are equal to two right angles ; 

and also equal to the three angles. A, 

E, and B, of the triangle AE B ; taking 

away the angle E common to both, the 

angle C, or the arc S S, remains = E A B 

+ EBA; or, in other words, the sum 

of the reciprocal depressions below the horizontal lines AD, BO, 

represented JyAEB + EBA, would be equal to the contained arc 
if there were no refraction. But a and b being the apparent 
places of the objects A and B, the observed angle of depression 
will be DA 6, OB a; therefore their sum, taken from the angle Cf 
(the contained arc of distance), will leave the angles ft AB, aBA, 
the sum of the two refractions; hence, supposing half that sum to 
be the true refraction, we have the following rule when the objects 
are reciprocally depressed. Subtract the sum of the two de~ 
pressions from the contained arcy and half the remainder is the 
mean refraction : — 

If one of the points B, instead of being depressed, be elevated 
suppose to the point g, the angle of elevation being 5^ AD, then 




* '' Trigonometrical Snryey," yol. i. p. 175. See also, on the subject of refiraction, 
Woodhouse's « Trigonometry," p. 202. 

f One degree of the earth's circumference is, at a mean taluation, equal to 865,110 feet, 
or 69*15 miles; and one second a 101*42 feet. 
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the sum of the two w^w, * A B and E B A, will be greater 
EAB + F.BA (the angJe C, or die contained arc) by the angle 
clefation, e A D ; but if from (• A B + E B A, we take the depi 
uo» O B a, tbrrr wilt remain « A B + a B A, the sum of the 
refractions ; the rul« for the mean retraction tben in this case is, 
tmitnu-t tkf dirpr^!t.wm from Ike sum of llie contained arc and the 
•InMtwn, aiHt half' Ike remaimd^ in the mean refraction * 

The refraction thus found must be subtracted from the angle of 
ckntioa w a correctioa, each observation being previously reduced, ^ 
if necessary, to the axis of the instrument, as in the following ex- 
ample, taken from the TrigoDometrical Survey : — At the station on 
AUington Knoll, known to be 3'29 feet above low water+, the top 
of the stafl" ou Tenterden steeple appeared depressed by observation 
3' 51", and the top of the staff was 31 feet higher than the axis 
of the instruutent when it was at that station. The distance 
between the stations was til,777 feet, at which 3-1 feet subtend an 
angle of HK-4*, which, added to 3" 51", gives 4' r"4 for the de- j 
prcssion of the axis of' iKe instrument, instead of the top of the | 
staff. On Tenterden steeple, the groond at Allington Knoll was • 
depressed 3' 35' ; but the axis of the instrument, when at this 
station, w&s 55 feet above the ground, which height subtends an 
angle of IS -4: this, taken from * 35f, leaves 3' 16"-6 for the 
depression of the axis of the instrument. 

* Thf fbraulB ^tvo in lb« "RynoiKU of PncIicBl Phil»Meph;~ is identical vitb tfau 

BcfrkctioD '= - — ^^ —— — ; B being tb« ippumt rientioo of aaj bdgfal ; D the ap- 

poiml Rciproca! mgU of deprMHMi i tud A ttw axgle rabtrndtd at the esith's centn b; 
ika diMBQce batveeo ihe itBtiaiu. 

t A diflfatmeo of i^uiiaa exiica u lo llw km from vhkli all ahitodca alioDlcl be Dnm- 
twad. VIbI it tOBed '' Truutj datom " ii ■ maA U the aTenge hdght of high nur at 
qHing-lidHS, fiiad bj the Tnnilf Buanl, • irrr littl« abore los-iratei matk at Shccmen. 
A Tnnilj high-vita m^ ■« a^ etabliih^ b; the Board at the entrance of the Londoa 
Docks, the low-wiwr mark beiog abool 18 fwl below tiii. Ajun, etme ecgineen ndLOO 
frombv-nKuipdng-ttdes; and a» the Hie of tide ii rowjh a*eted by local drcomataawa, 
ihii kltec mnst, in haibonr, and up mdl riw» a* the SererB. where (he tide tiwa lo aa 
enonoou height, be nunc lo ihe general lerel of the na. One rale giira for obtuning 
the woa litl^llu ua, by t«koiiiiig /ran Ivir-mUr m»r*, ia la allow one-third at the 
riK of the tide at the place of obstimtian. 

J Al 306,265 fart diMant. 1 fool K^wnd* l" : or M one mile il lubtMida 39'-06 nettij. 
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fraction at the time by reciprocal anglei of depression or elevattM. 
Id another example (page 178, vol. i. "Trigonometrical Survey"), 
where the depression was observed to the horizon of the sea, the 
dip of the horizon* is calculated from the radius of curvature, 
mid the known length of a degree. The difference between this 
calculated depression and that actually observed is, of course, due 
to refraction. 

To return to the subject of the different methods of taking sec- 
tions of ground, either — 

By angles of elevation and depression with the theodolite. 

By the spirit, or water-level ; or the theodolite used as a spirit- 
level. 

By the old method of a mason's level and boning-rods, and aUo 1 
by the French reflecting level. ' 

The relative altitude of hills, or their heights above the level of the 
sea, or other datum, can also be ascertained by a mercurial moun- 
tain barometer ; the lately-invented Aneroid ; or by the temperature 
at which water is found to boil at the different stations whose alti- 
tudes are sought. 

Levelling for sections by angles of elevation and depression with 
the theodolite is thus performed f : — The instrument is set up at 
one extremity of the Ibe, previously marked out by pickets at 
every change of the general inclination of the ground ; and a 
leveiling-staff, with the vane set to the exact height of the optical 
axis of the telescope, being sent to the first of these marks, its 
angle of depression or elevation is taken ; by way of insuring 
accuracy, the instrument and staff are then made to change places, 
and the vertical arc being clamped to the mean of the two readings, 
the cross wires are again made to bisect the vane. The distances 
may either be chained before the angles are observed, marks being 
left at every irregularity on the surface where the levelling-staff is 
required to be placed, or both operations may be performed at the 
same time, the vane on the staff being raised or lowered till it is 

■ The dip of tlie liorizon would be equal to the contained arc, when seen Eram object! on 
the spherical aot^cb, if there were no refiactiDn , which lA therefare equo] to the diiTerence 
between the depreBeion and the contained arc. 

\ In taking sections across brokea irre^lsr ground intersected hy tBTinei, this Bjatem 
r>( operation is recommended, bb being much more easy and rapid than tracing a serieg of 
short horizDntal datum lines with the spirit level. Where, howeier, this latter initnunent 
ran be u«d with tolemblo Etcility, it should always ba preferred. 
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bisected by the wires of the telescope^ and the height on the staff 

noted at each place. 

The accompanying sketch explains this method : — A and B are 
the places of the instrament^ and of the first station on the line 
where a mark equal to the height of the instrument is set up ; be- 
tween these points the intermediate positions, a, by c, d, for putting 
up the levelling-staff, are determined by the irregularities of the 
ground. The angle of depression to B is observed, and if great 



s? 




accuracy is required the mean of this and the reciprocal angle of 
elevation from B to A is taken^ and the vertical arc being clamped 
to this angle, the telescope is again made to bisect the vane at B. 
On arriving at B, after reading the height of the vane at a, 5, c, 
&c., and measuring the distances A a, &c., the instrument must be 
brought forward, and the angle of elevation taken to C ; the same 
process being repeated to obtain the outline of the ground between 
B and C. In laying the section down upon paper, a horizontal 
fine being drawn, the angles of elevation and depression can be 
protracted, and the distances laid down on these lines; the re- 
spective height of the vane on each staff being then laid off from 
these points in a vertical direction j will give the points a, 5, c, &c., 
marking the outline of the ground. A more correct way of course 
is to calculate the difference of level between the stations, which is 
the sine of the angle of depression or elevation to the hypothenusal 
distance AB considered as radius, allowing in long distances for 
curvature and refraction, which may be ascertained sufficiently near 
by reference to the tables. 

The distances, instead of being measured with the chain, may, if 
only required approximately, be ascertained by means of a micro- 
meter, attached to the eye-piece of the telescope*. 

* Dr. Brew8ter*8 micrometrical telescope is described in Dr. Pearson's " Practical Astro- 
nomy," vol. ii p. 235. 

Mr. Macneil states that he has frequently used a scale of this kind attached to the eye- 
peee of his leyeL 
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Instead of only taking the single angle of depression to tbe 
distant station B, and noting the heights of the vane at the intei^ 
mediate stations, a, b, c, itc, angles may be taken to marks the 
same height as the instrument set up at each of these intermediatt 
points, which will equally aftbrd data for laying down the section; 
but die former method is certainly preferable. 

The details may he kept in the form of a field-hook*; but for 
this species of levelling, the mensured distances and vertical heightt 
can be written without confusion on a diagram, leaving the correc- 
tions for refraction and curvature (when necessary) to be applied 
when the section is plotted. 

Where a number of cross sections are required, the theodolite 1b 
particularly useful, as so many can be taken without moving the 
instrument. It is also well adapted for trial sections, where minute 
accuracy is not looked for, but where economy both of time and 
money is an object. ^ 

The theodolite is likewise used in running check levels to test the 
general accuracy of those taketi in detail with a spirit level. Re- 
ciprocal angles of elevation and depression, taken between bench 
marks •(■ whose distances from each other are known, afford a proof 
of the general accuracy of the work ; and if these pomts of re- 
ference are proved to be correct, it may safely be inferred that the 
intermediate work is so likewise. 

Instead, however, of observing reciprocal angles of elevation 
and depression between marks at measured distances, levelling for 
sections, where minute accuracy is required, is performed with a 
spirit level, or some instrument capable of tracing horizontal lines. 
The different instruments used for the purpose, and their adjust- 
ments, will be first described ; and the most approved methods of 
using tliem, and keeping the field-book, as well as plotting the de- 
tail on paper, will be afterwards explained. 

The species of level formerly in general use, termed the Y level, 

• Brnff'i " Engineer Field Work," page 122. 

f Uaika on stumps of Uea, mile or banndary Monee, &c., or any convenient pecmanoDt 
object on which the elaif is placed to obtain the comparative level of these int«raiedittte 
points of reference. Tbej are uaefiU either for the Bnbseqnent laying out of the detail of 
work, or for compariaon in running check or trial aecliona. Bench marlts should bs con- 
ipicDoiuIy marked and clearly described in tbe field-book, that no doubt may ariie aa to 
their identity. 
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Its nune to the sappofts upon «iiidi tiie triffMcx>|if rr«i». 11ii» 
as well as Mr. TrooglilooV tmprxiv4-d l<*v«>l. luid Uir 
level intFoduoed by Mr. Grtratt, urc deM^-iiM-d hI lff*ii^«i,li m 
Simins' ''Treatiae on MatbematicaJ Intrtruttitttiu/' li i» dr 
ioferior to the two iait metitiouody it» utilv ciaitii ic» ii«>i4<« 
compared with them being the pt^u^ naiM- wiiii wluc^ii M* 
its are made; though thii^ ladvmitiijfr i» 9u:tiiti ^mfijmlly 
by the equal fiuslity with m'hich thev m^* (i<-tiuiv:c-«1 
fint adjustment in the Y level k (or Uk- im^ vf ^f/tUm^ 
and the method is the same as thai <l«w^U)d ui imli^c '^."j |€>« 
Aeodolite, half the error being com^ru^d by Um* ikc'««»«» H«*<4«4y 
the diaphragm containing the ctumi k»ir». 
Ihe seoond adjustment (that of the ftpirii lrv<*l iiUh«'Ii«'«1 <•• Uu 

is also gJiwihir tO that lur thr tlA<:<idollU *. AfUt« 4j«« 

in*4nbUe has been brought into the ceutiv by Utc- fiUii. t^ii^i^, 
Ibe telescope is reversed in the supporu, Hud if a ii«u' i«4<i¥i4l u^ 
tUier end of the level, it is brought biu:k Uj ii» <4itOul |>«»tMUo«4^ 
a» hailf hy the screw ai one end «/ /A^ ^^A «••»*< <^** *'<1»*« <•*•*• 
Tiy the plaie-9crew$j there being ii<^ t*r^i*W m</tum «** *•* <<**' 
Aeodolite. This correction will probabiv M^ittiir <w<> •»♦ ii*«t.4. 
iqKstitions. 

The third adjustment is for the purpo^* <»f U\n^\H^ 4iu V 
m/fforU exaeUy on ike mime level wlirti Uic fwcvi^/a* c^>iiiA^2«/«i* 
haTe been made, so that the opiiciil Mxi* of ihv ui4AM«>|>c i4m> 
tdways revolve at rig^ht angles lo thf v«-j'ii4'4U u)L\t c/i fiu )44«44h 
ueiit This is effected by first levelliiig ih<' U'itt^Af\H.' MrUc^ii |44«c4.>( 
over two opposite screws, and then iuraia^ i( i</uii4 *v«; fJ^i 4I41. 
eye-piece and the object-glass may cluai^*' |>iM«xir « 

If in this reversed position the bubUr i* iw L^ia^i « {0! ] J 
in the centre, it must be adjusUid, om imit i^^^^m^ \ -^ 

done by tiuning the millad bead^^ seivw A, iAt^<^4 I J J 
directly below one €p( the Ys, wbicrli in iluMcby U 

iBised or lowered in its socket, and ihn oUm'^ huit 'mtf^^ 



attoidtfd to, hA m tbe ipirit level «ad tboodoliiv; k «iivui4 U- ^«»m v«^< MM «U M*fH 

and thcM it no inftruiUimuJ imuWIwa j m (i^i «/«< A>}f(tf <k<.)» {^^ 

A>#yaifwjnt#thtf%fci<rklL 
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by the ptatr-tcrewg. This operation must be repeated with ibt 
olher pair i»f plate-screws, and care must be taken that the Bcrw 
represented by A id the sketch is never touched except for tlw 
purpose of making this adjustmcnL 

Id Troughton'a instrument, the spirit level, being fixed to the 
telescope, has no separate means of adjustment, and the liae of 
colhmation must therefore be determined by its assistance. The 
telescope also, being bedded in a sort of frame, cannot be re»eretd 
end for end ; the level is first adjusted by correcting half the erroi 
when turned round, by the screws which act upon the supports, 
and half by the plate-screws; the line of collimation is then nude 
to agree with the corrected level by noting the height of the 
intersection of the cross wires on a staff about 200 or 300 
yards distant. The instrument and the staff are then made U 
change places, and if the difference of level remains the same, 
the optical axis is already cori'ect ; if not, half the differenei 
of the results must be applied to the observed height of the vane 
on the staff, and the cross wires adjusted to this height by means 
of the screws of the diaphragm at the eye-piece of the telescope, 

A pool of water furnishes another easy mode of adjusting the 
line of collimation. A mark being set up at any convenient 
distance of exactly the same height above the surface of the water 
as the instrument adjusted for observation, the cross wires have 
only to be made to intersect each other at this point. 

The adjustments of Mr. Gravatt's level (the best of the three) 
are nearly similar ; and will be found described by himself, in Mr. 
Simms' little work, already quoted *. 

The French water level is much used on the Continent, in 
taking sections for military purposes. It possesses the great ad- 
vantage of never requiring any adjustment, and does not cost 
one-twentietli part of the price of a spirit level. From having no 
telescope, it is impossible to take long sights with this instrumeut; 
and it ia not of course susceptible of very minute accuracy ; but, 
on the other hand, no gross errors can creep into the section, as 
may be the case with a badly-adjusted spirit level or theodolite, 
the horizontal line being adjusted by nature without the inter- 
venUon of any mechanical contrivance. As this species of level 
■ Alio in page 137 of Mr. Bru(F'« " BngineeriDg Pield Work." 
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not generally known in England, tlie following description ts 
Sfen; which, with the assistance of the sketch, will enable any 
to construct one for himself without further aid than that 
common workmen to be found in every village*, 
ah is a hollow tube of 

about half an inch in 'M Mf 

leter, and about three 
long, c and d are short 
of brass tube of larger 
leter, into which the long 
ibe is soldered, and are for 
purpose of receiving the 
two small bottles e and f, 
the ends of whieh, after the 
bottoms have been cut off by tying a piece of string round them 
when heated, are fixed in their positions wnth putty or white lead 
—the projecting short axis g works (in the instrument from which 
the sketch was taken) in a hollow brass cylinder k, which forms 
the top of a stand used for observing with a repeating circle; but 
it may be made in a variety of ways so as to revolve on any 
Hght portable stand. The tube, when required for use, is filled 
with water (colored with lake or indigo), till it nearly reaches to 
the necks of the bottles, which are then corked for the convenience 
of carriage. On setting the stand tolerably level by the eye, these 
corks are both withdrawn f, and the surface of the water in the 
bottles being necessarily on the same level, gives a horizontal line 
in whatever direction the tube is turned, by which the vane of the 
levelling-staff is adjusted. A slide could easily be attached to the 
outside of c and d, by which the intersection of two cross wu^a 
could be made to coincide with the surface of the water in each of 
the bottles ; or floats, with cross hairs made to rest on the surface 



* The imtnunerit fram which the akfllch was made vbs conatmcted for mo by an iroTi- 
mmger in Ghathoin ; and I hate tried it against a Tety good apiiit-level, oad found the 
refulu perfectly satiifaclory. Tbi« water-level is, I lind, now constantly used on tha 
Ordnance Surrey for interpolating horizontal contourB at lercical intervale of 25 feet 
bclwecn the morB correct conlours, tnieed at greater diaCances apart by the spirit-level. 

I These corks must bo drawn carefully, and when the tube is nearly level, or the water 
will he ejected with Tioleoce. 



of the flaid in each bottle, the accuracy of th^ intersectioo 
being proved by chan^ng the floats from one bottle to the other; 
either of these contrivances would render the instrumeot more 
accurate as to the determination of the horizontal line of sight; 
though one of its great merits, quickness of execution, would be 
impaired by the first, and its simplicity affected by either of them. 
For detailed sections on rough ground where the staff is set up at 
ghort distanceg apart, it is well qualified to supersede the spirit- 
level, and is particularly adapted to tracing contour lines : whii^ 
operation will be described in its proper place. 

A mason's level and boning-roda also answer very well for takji^ 
sections where no better instruments are at hand, and are used 
as described below. 

A horizontal line is obtained by driving two pickets (1 and 2] 
into the ground, and applying a large mason's level to their heads, 
which should be previously cut square. The pickets 2 and 3, 
3 and 4, &c., can be levelled in the same manner, as far as may be 
necessary, to obtain a correct horizontal line for a short distance; 
but if any considerable 
length is required, two 
boning - rods, of about 
three feet long, with a 
cross-piece at the top, 
are placed on the heads 
of any two of the pickets already levelled, and the vane of a stafiF 
raised or depressed at any required point, till it is on a level with 
the tops of the boning-rods. The reading of the staff will give 
the respective depths below the level of the heads of the rods, the 
heights of which must be subtracted. Boning-rods are chiefly 
used in laying out slopes in military works, and for setting up 
profiles to direct working parties. A slope of 5 to 1, for instance, 
is laid out by measuring 5 feet from a towards ft, and driving the 
head of the picket at the end nearest b, one foot lower than that 
at a ; the heads of boning-rods, 
of equal height, placed on the 
tops of these pickets, are evi- -" — "" 
dently on a slope of 5 to 1. 

The last description of instrument used for levelling is the French 




! 
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" Reflecting Level," iavented by Colonel Burel ; a description of 
which, is given in the second volume of " Professional Papers of 
the Royal Engineers." 

Theprincipleuponwhich this instrument acts is implied by its name. 
Id aplane mirror the rays are reflected as though they diverged from 
apoint fcAinrfthe mirror, situated at precisely thesame distance in 
nor of its surface, as the object itself is in front. If the mirror be 
Tertieal, tlie eye and its image are on the same horizontal line ; and 
any object coinciding with these is necessarily on the same level. 
It appears then only requisite to ensure the verticality of a small 
piece of common looking-glass set in a frame of wood or metal, 
to be able without further assistance to trace contour lines in every 
direction, or to take a section on any given line. The mirror 
AB, described in the paper alluded to, is only one inch square, 
fixed against a vertical plate of metal weighing about 1 lb., and 
suspended from a ring m, by a twisted wire n, so that it may hang 
freely, but not turn round on its axis of suspension. It can either 
be used for sketching in the field, being held by this ring at arm's 
length ; or fixed, for greater accuracy, in a frame which fits upon 
the top of the legs of a theodolite, with a bar of metal like a 
bent lever, pressing so slightly against it from below, that it may 
check any tendency to oscillation, and at the same time not 
prevent the mirror from adjusting itself vertically by its own 
weight. The accompanying sketch will render this description 
more intelligible, 

The required verticality of the plane 
of the mirror is thus ascertained : a 
level spot of ground is chosen, where 
it ia suspended in its frame (or any 
temporaL-y stand) 40 or 60 yards from 
a wall, and the prolongation of the 
line of sight ^OTW the eye to its image, < 
coinciding with a fine silk thread acr 
the centre of the mirror, is marked on 
the wall, which is visible through a 
smaU opening p, in the metal frame. The mirror is then turned 
round, and the observer, placed between it and the wall, with his 
back to the latter, notes the spot where the image of his eye 

a 2 
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marked 60 distinctly that they can be read by the obnerter tcitkout 
ihute of a vane, or the necessity of trusting to an assistant; the 
"Ij a figures are inverted to suit the inverting telescopes now generally 
used, and instead of moving about a heavy iron tripod on which 
o ^^ to rest the staff, a species of shoe vrith a hinge is attached to it, 
which allows the face to be turned round in any required direction 
-of^B withont the staff being moved off the ground. Though much 
more convenient, and less liable to mistakes in reading than the 
** * old species of staff, the same degree of accuracy cannot be ob- 
tained with it. 

To proceed to the method of using the spirit-level or other 
instrument for tracing horizontal lines, and also of keeping the 
fidd-book in levelling for sections. In the system formerly pur- 
Boed, the instrument was set up at one end of the line A, of which 
a section was required ; and having ascertained the accuracy of 
its adjustments, and levelled it by the plate-screws, an assistant 
^ " Wis sent forward with the levelling-staff to the first station, and 
**"■'* the difference between the height of the vane when intersected 
T* by the cross wires of the telescope, and the height of the optical 
axis of the instrument from the ground, gave of course the 
**« difference of level between these two points. The distance was 
^**. then measured and entered in the field-book, and the level moved 
on to the first station, the staff being sent on to the second, where 
tifc the same process was repeated. 
•ft It is self-evident that this manner of levelling is vitiated by the 




errors of curvature and refraction, which, if not allowed for in a 
long section, would in the end produce a considerable error. But 
the necessity for these corrections is avoided by simply placing 
the instrument half-way between the two stations, and either in 
the line of section, or on one side of it. 
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below, will show the usual method of entering the details, so as to 
render them at once available for transferring to paper ^ : — 



Distance In 
Feet. 


Back 

Sight. 


Fore 

Sight 


+ 




Eise. 


Fall 


REMARKS. 


250 
200 
250 
270 

200 
250 
B.M. 
300 
250 

1 


2-36 

3-66 

10-34 

14-56 

9-98 
8-62 
1-23 
2-23 
0-20 


14-66 
9-68 
6-21 
0-26 

1-67 
14*64 
13-46 
12-06 
13-66 


4-13 
14-30 

8-31 


12-20 
602 

10-92 

12-22 

9-82 

13-36 


0-21 

ft 

8-62 


12-20 
18-22 
14-09 

2-40 
14-62 
24-44 
87-79 


Commenced at bench-mark A. 

Crosses hedge into road. 
Bench-matk on oak tree, in hedge 
dose to fourth milestone. 

B. M. on sill of canal lock. 
Mark centre of road. 


• 


48-06 


86-86 

48-06 

1 


26-4 


64-63 
26-74 






37.79 


37-79 



This table almost explains itself: the first column headed *' Dis- 
tances," contains the distances measured between each place where 
the staff is put upf. The second and third columns are for the 
readings of the staff at each back and forward station, the difie- 
rences between each of which are entered under the fourth and 

fifth columns, headed + and : under the two last, headed 

** Rise" and " Fall," are carried out the total rise or fall of each 
place where the staff was placed, above or below the starting 
paint — ^The bench-mark at the end of the fourth station being in 
the line of the section^ the distance is entered as usual ; but that 
at the seventh, being out of this line, and its level merely ascer- 
tained for a fixture reference, there is no dimension entered in the 
column of ^ Distances," so that it is not plotted in the section. 



* For more detailed instmctions on the method of leyelling for and plotting sections see 
Vr. Sinuns* w<nk. Where very great accnracy is required, the level is alwajrs read orer a 
second time, the instrument being thrown out of adjustment and readjusted — a certain 
amoimt of difSsrenoe only is allowed— about -003 ft. A leyelling staff, with an improved 
vane, is also used, instead of the now common staff without a vane. 

-t* Where only lineal distances or sectional areas are required, a chain ^feet is the most 
convenient for uBe, instead of the Chmter^s chain used for determining saperfidal areas in 
acres. 
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At wuh beiich'iuark these columns may be added up, and theii 
difliminoe euterwl under the cotuBin of " Remarks." As already 
Btkted, check sections are more quickly taken with a theodolite 
by reciprocal angles of elevation and depression than by the spirit- 
level. 

Ib laying down a section on paper, particularly if the ground 

* A Bepnmlfl column it oii«Q k^pt for *' Bearingi ;" and inBteod of tbe b^oringi uid 
diitauce brtween each itaff, (he ongtei wilh ibe meridian, and the diilancei are lometintei 
laiken betvwn (hi initrwaiml and eocA tojck And forvard sttttuin; which omuigemeDt 
teqaim twe oalumat for dlsUucea, and tiro for beahngs ; oc, ioslead of beoiiiigs, 
maj be Ukcn to «hik known abject. 
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rnder the head of "Remarks" are noted the bearings* of ibe 
difiereut linos of the sections if required to be laid dovn on a 
plan; the references to bench-marks; croas-sectiouB ; and othei 
information that may subsequently prove useful. If the instru- 
ment is placed in the direct line of the section, it will ^ve an in- 
termediate jtoint on the ground between the staves, by mi 
its hei(;ht ; this requires again another column, and leads to con- 
fuaion, without being of much benefit. The difference of the sum 
of all (he back and fomard sights should of course correspond 
witli the dillert-nce between the quantities under the head of + 
, und also with tlie last reduced level, either rise or fall. 

In taking trial sections with the spirit-level, to ascertain \ 
bci*t line for a rv'dway or other work, the same form applies 
for aeotions for more particular purposes, either civil or military 
but the diatnrii'cs may be longer, as was observed when speaking 
of the thfoddtite. The same bench-marka should be alwaj 
lovollwl up to in every trial section. 

In running check sections, to ascertain the accuracy of formel 
BWtiouB, there is generally no occasion for measuring distanceai 
and only a column for "back," and another for " fore" sights, wifl 
a ttiini for remarks, are required. 
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with diiTereiit colours, or, if engraved, repreBented the one with 
vertical, and the other with horizontal hnes, show at a glance the 
general relative proportions of cutting or embankment, as in the 

annexed figure. 

The dark line in both figures represents the surface of the rail- 
road or embankment. 

To those unaccustomed to the use of sections, this simple con- 
trivance by which they are rendered intelligible is particularly 
useliil, and has been ordered to be adopted in all plans for rail- 
ways submitted to the House of Commons. Of course it is only 
intended to give a general idea of the quantity of work on any 
iiae of road, railroad, or canal, and to be explanatory of the report 
and estimate. 

The section which has always to accompany this species of 
plan must be plotted on a scale, the horizontal distances being 
not less than 4 inches to 1 mile, and the vertical not less than 100 
feet to 1 inch. A line must also be drawn on tbe section repre- 
senting the upper surface of the rails. At each change of inclina- 
tion the height above some datum plane must be shown, and also 
the rates of the slopes, and the distances for which these gradients 
are maintained. The height of the railway over or under any 
turnpike road, navigable river, canal, or other railway, is likewise 
to be marked at the crossing. A variety of precautions and regu- 
lations are enforced by the " Standing Orders" relative to the 
construction of railways; and there are numerous other details 
connected with them, for which reference must be made to some 
of the numerous excellent practical works devoted solely to this 
branch of civil engineering. 

Numerous transverse sections are required for computing the 
relative proportions of embankment and excavation* on any work, 
which operation is much facilitated by the use of Mr. Macneil's 
ingenious tables, calculated upon the " Prismoidal Formula" 
which shows the cubic content of any prism to be equal to the 
area of each end -)- four times the middle area, multiplied by the 
length and divided by 6 ; whereas the common methods of taking 



* Of the greateat possible 



h for the sake of ai 



penw, and of laying onl tbe vork to the beat Bdvantage, viilmible inforrmttian upon thia 
subject will be found in Mr. Macn^ir^ »i>ik. 
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half the sums of the extreme lieigiifa for a mean height, or ot 
taking half the sum of the extreme areas for a mean area, are 
both erroneous ; the first giving too lar^e a result, and the second 
too little. 

Mr. HaskoU alBo gives reiy uEefuI tables for the calculatioB of 
the areas of cross sections in the 2nd vol. of his " Engineer's Riul- 
way Guide ;" a book containing full information upon all subjects 
connected with the laying out and construction of railway works. 

The last description of levelling by the spirit-level to be noticed, 
is the method of tracing instru mentally horizontal sections termed 
" contours," either round a group of isolated features of ground 
for the foniiation of plans for drainage, sanitary, railway, or other 
engineering purposes — models or plans of comparison for military 
works, &c. ; or over a whole tract of country with the view of 
giving a mathematical representation of the surface of the ground 
in connection with a national, or other extensive and accurate 
survey. 

As regards the first of these, the tracing instrumental contour 
lines round any limited feature, or group of features of ground, the 
manner of proceeding is very simple. The site must be first care- 
fully examined, and those slopes that best define the configuration 
of the surface, particularly the ridge and watercourse lines, marked 
out by rods or long pickets at such distances apart as may appear 
suited to the degree of minutife required, and the variety in the 
undulations of the ground. Where no such marked sensible lines 
exist, the rods must be placed where they can most readily be 
observed, being necessary as guides for the levelling staff during 
the subsequent operations. An accurate survey of the ground on 
which the positions of these rods are shown is then to be made. 
This should be laid down upon a scale proportioned to the pur- 
poses for which the plan is required, and to the vertical interval 
by which the contour lines are to be separated. 

The scale for towns that has been adopted on the Ordnance 
Survey is 88 feet to 1 inch, which is sufficiently large for most 
engineering and municipal works, but can be increased to 40 ot 
60 feet for illustrating projects for drainage, or for the supply of 
water by pipes, &c. Estates are generally laid down upon a scale 
of 3 or 4 chains to 1 inch. For the larger scales the contour 
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lines may be traced at equidiatant vertical intervals of from 2 to 
10 feet, where the scale of the plan varies from 50 to 500 feet to 
1 inch. This plan of the ground should be in the hands of the 
surveyor on commencing his contouring, as it will be of consider- 

Iable assistance during the operation ; and it is also desirable that 
sections should be run from the level of some fixed plane of com- 
parison along the principal and best-defined lines marked out by 
the rods alluded to, leaving pickets at the vertical intervals as- 
signed to the contours. These pickets serve as tests of the accu- 
racy of the work as it progresses and as starting points for fresh 
contours. The staff is now to be held at one of the pickets ; the 
apirit-level (or theodolite used as a spirit-level) being so placed as 
to command the best general view of tlie line of level, and ad- 
justed so that its axis may, when horizontal, cut the staff; and the 
rane (for a levelling staff of this description is required) raised or 
lowered till it is intersected by the cross wires of the instrument. 
The staff with the vane kept to this height is then shifted to a 
pobt about the same level between the next row of ranging rods 
not more than 12 or 15 chama distant from the spirit level, on ac- 
count of the correction that would otherwise be required for the 
curvature of the earth (about ^ of an inch in 10 chains), and 
moved up and down the slope till the vane again coincides with 
the wires, when another picket is driven. This process is con- 
tinued untd it is found necessary to move the level to carry on the 
contour line to the extent required. 

The same operation of course takes place with the contours 
above and below that first laid out; and where any bench-marks 
or points, the level of which can be of importance, come within 
the scope of the spirit-level, they should be invariably determmed. 
Where the vertical interval is small, the pickets upon more tlian 
one line of contours can often be traced without shifting the posi- 
tion of the instrument, if the levelling staff is of sufficient length. 
Too much should not however, be attempted at one time. 

"With regard to the second division of this subject, the tracing 

instrumental contours in connection with a national survey, the 

best instructions that can be given is a brief outline of the mode 

at present followed on the Ordnance Survey. 

^k The ground between each of the trigonometrical stations is care- 



ful\y Icvclletl with a epirit-levd, pickets being left at convenient 
intervals for the contours lo start from. The surveyor to be em- 
ployed in tracing tbeee contours is furnished with the altitudes of 
the pickets, or those of bench-marks out of the direct line between 
the trigonometrical points if they have been so left in preference, 
from which he has to level up or down to the contour height from 
whence he is to commence. With a theodolite or spirit-level he 
then traces the contour lines round the hill features in the manner 
already described, levelling to certain other bench-marks, whose 
positions have been given to him, but of whose altitude's he is not 
niformed, in order that a check may be established upon his work ; 
the position of the contour lines being recorded in a field-book, 
with reference to the measured detail of the houses, fences, &c., 
in a close country; or by transverse lines in open uncultivated 
ground. 

The whole of the altitudes for the foundation of the contour 
lines are determined by levelling with the spirit-level; the calcu- 
lated heights obtained by angles of elevation and depression 
during the progress of the survey, not being considered suffi- 
ciently accurate for the work as it is now performed : — the vertical 
distances between the contour Unes thus traced out on the Ord- 
nance Survey (now published on the scale of 6 inches to I mile, 
or 880 feet to 1 inch), varies — according as the character of the 
ground is steep or flat — from about 50 to 250 feet. These con- 
tours are, however, all interpolated with intermediate horizontal 
lines, run with the water level at the constant fixed vertical inter- 
vals of 25 feet. 

By assuming the level of the sea as the datum plane from which 
these progressive series of contours are to reckon, the altitudes of 
the several horizontal sections above that point are at once repre- 
sented, which is a more useful and practical arrangement than the 
system adopted by the French (who first introduced this method 
of dehneating ground), of fixing upon some imaginary plane of 
comparison above the highest parts of the plan, similar to the 
mode still practised with ordinary sections. 

On surveys, where pretensions are not made to such extreme 
mathematical precision, horizontal sections at distant vertical in- 
■ Tols, may be traced with the theodolite or spirit-level, and the 
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intermediate contours filled in by the eye ; to perform which with 
tolerable accuracy, with the assistance of the instrumental con- 
tours previously marked by pickets on the ground, becomes, after 
a little practice, an operation of no great difficulty. 

Even in surveys where the delineation of the surface of the 
ground is to be represented entirely by sketching on the hori- 
zontal system, as described in page 60, a few distant instrumental 
contours very much facilitate the work, and give it a character of 
tiutli and certainty that could not otherwise be looked for. 

Fig. I, Plate 8, illustrates the method of tracing and sur- 
Tpjing the contour lines when the operation is carried ou between 
tlie separate secondary triangles on an extensive survey. As has 
been remarked however, there is no necessity for following this 
system of working rigidly within the boundary lines of these tri- 
angles, as bench-marks established at any convenient spots out 
(if the direct line connecting two trigonometrical stations, answer 
jiiBt as well for checks upon the progress of the work, and for 
tiatum points from whence to commence, and upon which to close 
the work. 

Supposing, for instance, the altitudes of the trigonometrical points 
B, C, D, had been previously ascertained to be respectively 625, 
•i"(i, and 282 feet above the level of the sea, and that the instru- 
fiieotal contours were required to be marked at equal vertical inter- 
nals of 50 feet above that level. Starting from either of these 
poiotg, aay C, in the direction of C B, mark the level of the nearest 
line of contours, which in this case would be 20 feet below C; and 
lien the points where every difference of altitude of 60 feet would 
cut the line C B (500, 450, &c.). On arriving at B a check is at 
once obtained upon the section that has just been run ; and the 
wror, if any, can be corrected upon the spot. The other sides of 
•he triangle, B D and D C, are then levelled in the same manner ; 
file connection of the corresponding contour lines cutting each 
of them traced out by the spirit-level ; and their position in plan laid 
down, either by traversing, or by reference to points and lines 
liready surveyed and plotted. The places of many of these contour 
pickets can generally be ascertained whilst the levelling is in pro- 
gress, by measuring their distances from the instrument, and ob- 
wving the angles made by them and the trigonometrical or other 
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When the boiling point at the upper station alone is observed, 
and for the lower the level of the sea, or the register of a distinct 
barometer is taken ; then the barometric reading had better be 
converted into feet, by the usual method of subtracting its 
logarithm from 1*47712 (log. of 30 inches) and multiplying by 6, 
as the diffbrences in tlie column of " barometer " vary more rapidly 
than those in the ^'/eet " column. 

Feet 

Example. — Boiling point at upper station . . • 185°=: 14648 
Barometer at Calcutta (at 32*') 29-76 
Then l-47712-l-47349=:-00363 
Setting off four figures gives 36*3 

fathoms, which x 6 218 



Approximate height • . . 14330 
Temperature, upper station, 76** 
Ditto lower, 84 

Mean temperature ... 80 Multiplier 1 ,.^ 



Table 2 



:'} 






True altitude 15763 

Assuming 30*00 inches as the average height of the barometer 
at the level of the sea (which is however too much), the altitude 
of the upper station is at once obtained by inspection in Table I^ 
correcting for temperature of the stratum of air traversed, by 
Table II. 

In moderate elevations, the difference of one degree in the 
temperature at which water boils, indicates a change of level of 
about 500 feety nearly equivalent to what would be shovrn by a 
difference of 0*6 of an inch in a mercurial barometer. 
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and cut off at the proper heights. The level of the board fonuB 
the lowest horizontal plane- — that of the sea at low water, if the 
ground to be represented is contiguous to the coast; — and the tops 
of the highest set of rods the superior plane of contours. The 
intervals between these pieces of wire are filled in with composition 
or modelling clay, which is worked carefully to the level of the 
tops of the rods, and with a small flattening tool or the hand, 
iDoulded so as to represent as nearly as possible the irregularities 
of the surface of the ground ; which representation will be more or 
kes perfect in proportion to the smallness of the vertical intervals 
between the successive series of contours. 

In some cases, particularly when the scale of the model is small, 
and the character of the country of slight elevation, it is found 
desirable to increase the vertical scale, making it some multiple of 
the horizontal ; but this of course produces an unreal and more or 
less exaggerated representation of the ground. 

Where the contours have been run at considerable vertical inter- 
yalS) and the surface sketched by the eye between them, the sketch 
wiD be found of much assistance in shaping the surface of the 
model. 

From this model, if a mould in plaster of Paris is made, any 
ftquired number of casts can be taken, which if properly prepared 
with isinglass or size, may be coloured, and have delineated on 
their sur&ces, references, boundary lines, &c., for geological pur- 
poses. These models are eminently useful, but they should be 
made of smfUl detached pieces, representing the different divisions 
and characters of the strata. 

By the aid of a contoured plan, many problems can likewise be 
worked out without the aid of vertical sections ; from among others 
the five following are selected as of practical utility*: — 

I. Tojmd the direction of the slope and the inclination of a plane 
passing through three given points ABC, not in the same 
straight line. — Fig. 2, Plate 8. 

Divide the line A C, joining the highest and lowest of the given 
points, so that the two parts may bear the same proportion to each 

** These problems are taken from a paper on Contour Flans and Defilade, by Captain 
Hamess^ eztaeted prindpally from tlie " Memorial dn Gdnie." 

H 




other as the nambers expressing the differeDce of level between the 
third point and each of the other two j that is, make AD : DC:; 
A~B : B-C; D will then he on the same level as B; and DB 
will he a horizontal of the plane required. 

2. Tojind the scale of a plane which shall pass through twogiim 

points and have a given inclination. 
This inclination determines the interval in plan between the con- i 
tours passing through the two given points. With one of ths* | 
points as a centre, and that interval as radius, describe a circle, the 
tangent drawn to which from the other point is a horizontal of the 
plane required. If the distance between the points is less than the 
necessary interval between the contours, this problem is of course 
impossible; and when possible it admits of two solutions. 

3. To Jind what pari of a given surface is elevated above a giv^ 

plane. 
The intersection of the horizontals of the plane with the contot- 
linea at corresponding levels of the surface above, denotes, as seff 
in Fig. 3, the portion of the surface rising above the plane. 

4. Tojind the intersection of two planes. 
Produce until they meet two or more contours, having corre 
sponding levels of each ; the hne joining the points of meeting wi 
be that of intersection. If tlie contours of the two planes t" 
parallel, their intersections, being a horizontal of each plane, wi 
be known if one point in it be found. 

6. Tojind in a plane, given by its scale of slope, a straight line 
■which, passing through a given point in the plane, shall fiave t 
given inclination less than that of the plane {Fig. 4), 

Trace a contour of the plane having any convenient difference o 
level above or below this point. With that point as a centre, anc 
with the base due, with the required inclination of the line to thi 
assumed difference of level as a radius, describe an arc cutting tha 
contour. The line drawn through their intersections and tlie givei 
point will have the required inclination. 

By the above problem a road up the side of a hill representei 
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by contours, can be traced so as not to exceed in any part a given 
inclination. 

The application of contours to the object of defilading a work to 
secure its interior from fire (almost the first use to which they were 
applied) can hardly be entered upon here. The subject is fully 
treated by many French authors on fortification; and extracts 
from Captain Noizet's paper, in the " Memorial du Genie," will be 
found in the sixth volume of the Royal Engineers' Professional 
Papers*. 

The method of measuring altitudes by the barometer and the 
temperature of boiling water is reserved for the next chapter. 

* See aUo the chapter upon Defilade in Captain Macanlay*! '' Field Fortification,'' 
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The Mountain Barometer presents a method of determining com—' 
parative altitudes not susceptible of so much accuracy as those 
already described, but far more expeditious when applied to isolated 
stations separated from each other by considerable distances. It is 
also capable of being used extensively by one individual ; and the 
observations, if performed with care, will in most cases give results 
very near the truth. The instrument, as made at present, is very 
portable, though liable to injury in travelling if the proper precau- 
tions are not invariably taken, the most essential of which is that 
of always carrying the cistern inverted, and in this position tight- 
ening the screw* at the bottom of the cistern to prevent the oscil- 
lations of the mercury breaking the tube. In barometers considered 
of the best construction, and which are the most expensive, the 
surface of the mercury in the cistern is brought by a screw to the 
zero of the instrument, which marks the height at which it stood 
there when the scale was first graduatedf. In others, not ftir- 
nished with the means of effecting this adjustment, and in which 
the cistern is entirely enclosed from view, an allowance must be 
made to reduce the reading on the scale to what it would have 
been if the mercury in the cistern had been adjusted to zero. It is 

* Hr. HowUtt remarks that, in barometfrs where the bottom of the ciateni U formed, b; 
a leather bag, the mercuiy ihoald be farced up neul; to the top of the lube by tbe bottom 
Icrew, whilit tbe instrument is hdd sprigU. It sbonld then be oirefLlly inierled, in which 
ponlion it most always be carried. When required for use, it should itgmn be placed u[i- 
right before the preisuie of the screw against the bag ia relaxed ; otherwise the bi^ is liable 
to be burst, 

i* It ia doubtful if this is any advantage : a barometer of this kind lakes a long time lo 
adjust and read ; and ai a tangent to the surfiice of the mercury ia required, both in tbe tube 
aud tbe ciitem, there is more chance of error in the obierTatiou. 
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>e |)ut in possession, directly upon their arrival, of a certain stipu- 
ated amount of land for agricultural or other purposes^ the 
simplest form of survey must necessarily be adopted; that de- 
scribed in Capt. Dawson's Report upon the Survey of New 
Zealand for instance, which consists simply in marking methodi- 
eally upon the ground the angles of a continued series of square 
or rectangular figures, leaving even the roads which are intended 
to surround each block of sections, to be laid off at some future 
period, — would answer the purpose of putting impatient emigrants 
ia possession of a homestead containing about the number of acres 
to which they might be entitled. But this system could not be 
carried out extensively with any degree of accuracy, even in a 
eomparatively level country, and not at all in a mountainous or 
irregular one. In fact, it is not a survey ; and though perhaps it 
may sometimes be necessary to adopt what Mr. F. Wakefield, in 
his recently-published pamphlet upon Colonial Surveying, terms 
this " make-shift process," * the sooner a regular survey takes its 
phce the better for the colony, even on the score of the ultimate 
9«ying that would be effected by getting rid of the necessity of 
iacessant alterations and corrections ; to say nothing of the amount 
of litigation laid up in store by persevering in a system necessarily 
catailing an incorrect division of property, upon which there is no 
check during the progress of the survey, and for which there is no 
retaiedy afterwards. 

Excepting in some isolated instances such as described above, 

where everything is required to give way to the imperative 

necessity of at once locating the first settlers upon land for which 

payment has been received, (for, by the present system of colo- 

luzation, no land is alienated from the Crown otherwise than by 

purchase, the greats portion of the proceeds of the sale being 

devoted to the purpose of further emigration,) the first step to 

be undertaken at the commencement of the survey of a new 

country, is a careful and laborious exploration within the limits 

. over which its operations are to extend ; during which would be 

collected for subsequent use a vast amount of practical information 

* Fqi ao explanation of the detaiU of tliii ftpecies of suryeying, see Mr. Kingston's 
oUtemcfita, page 8S, Third Report of the South Australian Oommissioners, 1838; and 
^ftptain Dawson's ItApert on the SiirTej of New Zeakad, 1840. 
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ff^Ti of its bulk ; and all observation must be corrected on this 
account if made under different degrees of temperature. The 
method of using the mountain barometer is shortly as follows: it 
8 carried, as before observed, inverted, until required for use, the 
cistern being always above the horizontal at an angle of at least 
45° ; when the screw at the bottom of the cistern being first turned 
until it no longer acts against the end of the tube, the instiniment is 
reversed, and the gauge-point (if there is one) is set to zero. The 
ndex is then moved till its lower edge is a tangent to the globular 
Buriace of the mercury, the height of which in the tube is read off 
to ysVir of an inch by means of the index vernier ; the thermometer 
uttached to the instrument, showing the temperature of the fiiiid, 
and the detached thermometer, that of the atmosphere at the time 
of observation, are also noted, together with the heights of the 
mercury. The following form is convenient, as containing the ob- 
iervations, and leaving a space for the resulU : — -^M 

N.P.- 30-100 ) V 




SHtiwt. 


Attd. 

Ther. 


Detd. 

ThBT. 


Ob«rv<id 

Baro- 
meter. 


Correc- 
lion for 
Capaeitj. 


Baro- 


Difler- 
enceof 
Le.eL 


EemMk»- 


Higlt-wu«rmark 

Pii»de,Broa.pt<mB«i^ 
nelu 


61= 

60° 

er-B 


68=> 
67° 
61° 


30-405 
30-ST6 
30-120 


'002 


30-*09 

B 

80-278 

B 
30-120 


118-6 








It is of course preferable to have two barometers, and to make 
imultaneous observations, as during changeable weather depend- 
nce cannot be placed upon results obtained with only one ; parti- 
ularly if any considerable interval of time has elapsed between 
IB comparison of the heights of mercury at the different stations, 
iven the method that has been suggested by Mr. Hewlett of noting 
he time of each observation, ending the day's work at the spot 
vhere it was commenced, and then correcting the readings of the 
arometer and thermometer at each station for the proportion of 



MOUNTAIN BAROMETER. 103 

the total change between the first and last reading due to the re- 
spective intervals of time, cannot of course render observations 
taken with one barometer equal in accuracy to those observed 
simultaneously with two instruments, unless the rise or faU of the 
barometer, and particularly of the thermometer, was ascertained to 
bave been uniformly progressive during the whole day. Observ- 
ing, however, the barometer again at the first station at the close 
of the day has this advantage, that any great change during the 
period will be immediately detected, and the degree of dependence 
to be placed upon the observation made evident. The difference 
of readings, owing to these changes, will also be generally subdi- 
vided among a number of observations, though instances may 
occur, where this caution, as regards the thermometer y will be pro- 
ductive of error in the result. There are several methods of calcu- 
lating altitudes from data thus obtained. That according to a 
formula given by Mr. Bailey, in page 183 of his invaluable "Astro- 
nomical Tables and Formulae," is perhaps the most simple : it is 
deduced from the rule given by La Place, reducing the French 
measures to English feet, and expressing the temperature by Fah- 
renheit's thermometer, and becomes by the use of the Table* in the 
next page A + C + log D. D being = log j8 — (log jS' + B) where 
i represents the temperature of the air at the lower station. 
t that at the upper. 

r the temperature of the mercury at the lower station. 
9^ that at the upper. 

A the correction for temperature dependent upon < + f . 
B that for the temperature of the mercury dependent upon 
f— r', and 
C the correction for the latitude of the place. 

*^ In Mr. Bailey's table, the column B is calculated on the supposition that the thermo- 
meter is always the Idgh/Mt at the lowest station, which in great altitudes will be the case ; 
but as the barometer may be used with advantage in a comparatively flat country, this 
omission has been remedied in a table published by Mr. Howlett, in the '' Professional Pa- 
pers ^ o{ the Royal Engineers, from which the column B has been taken. The more aecu" 
rate meUiod is to correct the barometer /or Umperaiuref independently of the tables. 
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^ + ^ = 1 16 - from the table, A = 4-80468 
r''r:=i 1- „ „ B = 0-00004 



99 99 



0=9-99974 



{ 



log |S- 30-409 . . 1-48300 
li^fl- 30-278- 1-48113) 
+ B -00004/ 



1-48117 



D = 0-00183 



log D - 7-26245 
A - 4-80458 
C - 9-99974 



2-06677 = 116-6 altitude in feet. 



' By a section taken with a spirit level, this altitude was found to 
lie exactly 116 feet*. 

- Altitudes are also very easily (but not always so correctly) ob- 
tained by the tables in a pamphlet, entitled " A Companion to the 
iMountain Barometer," published by Mr. Jones, and sold with the 
instruments made by him. The barometrical observations are 
first brought to the same temperature, by applying to the coldest a 
correction found in the first table for the difference f of the at- 
tached thermometers. The approximate height is then obtained 
by inspection, taking the difference between the numbers corre- 

• 

* As a pioo( however, that the results given by the barometer are not always to be de- 
pended upon when extended to very great distances, the observations consequent upon 
wliich occupy a considerable time; it may be mentioned that Professor Parrott ytho was em- 
I^oyed in determining by barometrical measurement the level of the Black Sea above that 
of the Caspian, made this quantity by a series of the most careful simuliane(yiiB observations 
in 1811 exactly 300 &et ; the same operation repeated by him in 1830 gave a result of 
only 3 or 4 fiset. In 1837 this altitude was determined geodesically by the Bussian Gbvem- 
nent to be 88*6, and was afterwards made by a French observer between 60 and 70 feet. 

t In Mc Jmim's Pam]^i]et the centigrade thermometer is supposed to be used (the com- 
psriion of which with Fahreqheit's is given in Table 19). The centigrade, or centesimal 
theraiometer, derives its name from the interval between freezing and boiling water being 
divided into one hundred j>art8» It is adapted to the decimal system of measurement, and 
lince the Bevolntion has been very generally used in France. Its zero, like that of Beau- 
BMir^t, commences at the frseiing point. 
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spending to the corrected readings of the barometer, from the 
second table. 

Lastly, the correction in the third table, opposite to this result, 
multiplied by the mean of the detached thermometers, and added 
to the approximate height, giyes the true difference of altitude, f^^ 
Below, the same example as before is worked out by means of 
these tables; the temperatures being converted from Fahrenh^t 
to the centigrade scale to correspond with the tables. 



Fahr. Cent. 

60= . . 15-6 
61 = . . 16-1 


Fab. 

58 = 
57 = 


Cent. 1 

14-4 I 
13-9 


•5 
Table first. . . -0060 




2)28-3 
14-15 


Correction applied *0030 
to coldest barom. 30-276 


•45 From Table ^f 

forapproxima*'^ 

7075 altitude llOfe:^ 


30-281 


5660 




6-3675 


In Table 2nd opposite 30-281 is 

opposite 30-409 


611 
501 




Approximate diff. of alt . 
Add correction table 


110 
6-3 




True difference of altitude 


116-3 





Dr. Button's rule for the calculation of altitudes by the baro- 
meter is as follows : — First, correct the heights of the mercury, or 
reduce them to the same temperature, increasing the colder, or di- 
minishing the warmer, by -g^^ part, for every degree of difference 
between them, as shown by the attached thermometer. 

^ Take the difference of the common logarithms of the 
of tile barometer thus corrected, setting off four figures 
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goarding against the monopoly of road or water frontage. The 
Bame sort of precaution is also required in marking out land in 
rich narrow valleys, or in spots valuable on account of minerals. 
Ab a general rule, from which no deviation whatever should be 
allowed, it may be laid down that no section should ever be per- 
mitted to enclose an undue proportion of land, unusually valuable 
from whatever cause, by extending its length in the direction in 
which that valuable portion of land runs ; whether it be a rich 
agricultural valley, a mineral lode, a stream, or watercourse. 

As regards the actual marking out of the sections upon the 
ground, when the figure is of a square or rectangular form, the pro- 
cess is a very simple one ; whether the true meridian, or the direct 
line of some main road, or a line forming any angle with the meri- 
dian that may be found better adapted to the local peculiarities of 
the district, be adopted as the guiding line of direction. 

A spot being fixed upon for the starting b 
point, represented by A in the accompany- 
ing figure*, the normal line A B is carefiilly 
marked out by a good theodolite in the re- 
quired direction ; if intended to correspond, 
or to form any fixed angle with the meri- 
dian, this must be determined by one of = 
the methods explained in the next chapter. 
The right angle B A C is then set ofi*, which 
angle should be observed on both sides of 
A B (produced on purpose to D), and the 
chain measurement along these lines A B and A C, and afterwards 
along the parallels to A C, may, if two parties are employed to- 
gether, which can generally be managed under the charge of one 
efficient surveyor with an intelligent assistant, be carried on simul- 
taneously; the points of junction at the angles of the blocks form-* 
ing in some measure checks upon the accuracy of the work as it 
proceeds. The size of these sections, and the intervals between the 
parallel sectional roads, will depend of course upon local regula* 




* This figiir» represents rectangular sections of 80 acres^ as laid out in South Australia, 
the length of which bore to their breadth the proportion of 2 to 1 — occupation roads one 
tnile apart, endoBing eight sections. They were, however, frequently laid out square, aC'^ 
tordiag to the natnre of the ground. 
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tions. The operation would evidently be simplified by mnning all 
the measured lines in the middle of these roads, leaving half their 
breadth to be afterwards set off on each side by the proprietors of 
the land, but the palpable objections to this are too serious to be 
compensated by the trifling saving thereby effected* In iact, the 
real boundaries of no one section are by this plan marked on the 
ground by the surveyor ; and constant disputes and encroachments 
would be the consequence of adopting it. 

It must be obvious to every practical surveyor, that it would be 
impossible for him to continue this mechanical system of marking 
a series of rectangular figures on the ground to any great extent, 
without being liable to constantly-increasing errors, which could 
not be guarded against by any degree of care in the operation, 
and of the amount of which he could never be aware, vnthout 
establishing some check altogether independent of the chain 
measurement of the sections themselves ; which is only to be ac- 
complished by combining with it a triangulation of the country, 
more or less accurate, according to the nature of the survey. 
Whilst, then, this methodical division of the land is in progress, it 
is advisable, if anything like accuracy is required, and if the de- 
tached portions of settled country are to be laid down upon a 
general map, that the sites of the trigonometrical stations should 
be decided upon, and the stations themselves (however roughly they 
may be constructed) erected, in order that they may throughout 
be made use of as guides and checks upon the tneasurements. 
The triangulation indeed would be found of the greatest service, if 
carried on rather in advance of the detail, as in the survey of old 
countries. Any great accumulation of error could be then easily 
guarded against, by the angles observed at different parts of the 
chain survey, subtended by three or more of the trigonometrical 
stations ; and in veiy many instances these stations could be ac-> 
tually measured up to, which should be done wherever practi- 
cable ; by which means the marking out of the sections, answers 
the same purpose that is obtained in ordinary surveys by the 
measurement of check lines, and traversing along the roads, by 
which the interior detail is mostly filled in. Angles of depression 
and elevation should also be taken to these trigonometrical points 
Me altitudes are all obtained by the triangulation), from various 
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blocks of land, to complete and consolidate properties, some altera- 
tions will be required in the method of carrying on the measure- 
ment of land, to meet these new demands*. It could evidently 
be only by an increased expenditure of time and money that sur- 
veying parties could be kept constantly moving from one distant 
spot to another, to lay out perhaps, only a very limited number of 
acres at each; and the division of the country into Districts, (oi 
the purposes of the survey, becomes almost imperative. Copies of 
the plans of sections open for selection, and other information of 
B similar cliaracter, would be thus placed more within reach of 
distant settlers, and their wants could more readily and rapidly be 
met without augmented expense. 

Portions of the work might also at this advanced stage of pro- 
gress be filled in by contract, subject to careful and rigid exami- 
nation ; the triangulation> and the previous chain measurement con- 
nected with it, affording sufficient checks for this purpose ; withoit 
which, surveying by contract should be most carefully avoided, 
especially in new communities where but little competition can 
be expected, and where it would be unreasonable to expect to 
find competent surveyors distributed over the remote parts of ths 
colony. 

The rate of progress and cost per acre of a sectional survey 
such as has been described, must vary considerably, according to 
the nature of the country^ the prices of labour and provisioMt 
and the minuteness of the divisions. If the size of the sections 
small, 80 or 100 acres for instance, the number of lineal miles to ^ 
be measured ia of course very much greater in proportion than 
would be the case with blocks of a larger area, and the^ pro- 
gress must bear an inverse ratio to the increased expense. The 
facility of transport is another item that materially influences both 
these questions, as also the system of marking out patches of land 
in whatever locality they may be applied for, instead of carrying 

* These subiequent wanta and demands do Dot affiKt Ihe first aUsge of the gurrey in a 
new conntry; it ia only u it become) gradually aellled Ihat they arc felt. The firil iia- 
yey eTideiitly cannot be a complete one, unless it ceuld embrace evecj acre of land that 
might by pouibility fae required ; it is conitantly demanding exteitsutu in evsry direction, 
Acrefore the more impetntively nEceasary is it, that the firet land surreycd and laid doirn 
B file maps ihonld be based npon a trhmgulatiDn sufficiently accnrate to allow of tbii 
Wniion, without the certainty of accumulating error. 
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B survey regularly forward, embracing all the available land in 
> progress. On an average the division of the land in South 
Dstralia into sections containing generally about 80 acres each, 
;*, including the marking out the roads surrounding the differ- 
nt blocks, to which each section had access, as well as all other 
sads through the settled districts, the close picketing of the 
mdary lines of each section, and marking and trenching the 
mer posts, with all other details relative to the survey of such 
lions of the natural features of the ground as came within the 
nits of the chain survey, from 3d. to 4rf, per acre ; and each 
rty, consisting of a non-commissioned oiEcer of Sappers, with 
r or five labourers, according to the difEcidties of the country, 
trkedout on anaverage, perhaps, about 30,000 1 acres per annum; 
. very large proportion of their time, particularly towards the 
Bclose of the work, being occupied in moving from one distant part 
f the colony to another to meet the varying demands for land. 
The triaogulation of the settled parts of the province, and in 
2 directions far beyond this, did not amount to Jd. per acre; 
icluding, as did also the average of the sectional survey, all ex- 
jises of transport of men, provisions, and camp equipage, with 
i wear and tear of the latter; and that of the necessary instru- 
1 fact, all expenses excepting those connected with the 
utral establishment, where the plans were drawn and exhibited, 
L where the preliminary business of the land sales was con- 



Eren had this cost been doubled, or increased in a still greater 

Ijiroportion, it would have been false economy to have shrunk 

I from it, and have put the settlers in possession, or rather to have 

■ allowed them to take possession, of land the bonndaries and con- 

Itents of which could not have been relied upon, or subsequently 

l*erified. The expense of the surveys in all new colonies is now 

k&ayed out of the proceeds of the sales of land ; and proof of the 

ecognitioD of the advantages of the accnrate delineation of the 

boundaries of property, features of the ground, and main lines of 

* Thii arerage has do reference to Ihe first MMtemen 
plie* more penicularlj to tbe period between the jetxa 1 342 and ) 843 ir 

f OeoBBiailj, onilet faToorable ' 
bnitAd Dcriodi. 
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roads, &c., is given by the system adopted by the New Zealand 
Association, in the establishment of the " Canterbury Settlemeat," 
of charging for all land the uniform price of 31. per acre* (instead 
of the 1/. fixed as the lowest upset price in the other AnstraliM 
colonies, where the pian of selling land by auction is in force), fo 
provide funds for a superior nature of survey, and a variety of 
works of a public character; the proportions being, 10a. per acrea 
the price of the waste land ; 10*. per acre for the cost of the sur- 
veys, forraation of roads, and other miscellaneous expendihire; 
20«. per acre to be devoted to the purposes of emigration; and 
another 20s. per acre to ecclesiastical and educational purposes. 

The boundaries of what in the Australian colonies are termed 
"Runs," for depasturing sheep and cattle, are not generally 
marked out during the sui-vey, but are described by reference 
to the trigonometrical stations, and other known fixed points ; 
the approximate distances and hearings of the lines being stated. 
As portions of this land are at all times liable to be purchased by 
individuals after a due stipulated notice to the occupier of the run, 
who pays yearly a trifling sum for his licence, it would of course 
be a waste of labour to mark out such temporary divisions ; but the 
settlers themselves very frequently define their respective limits, 
either by blazing the trees in a wooded country, or by running a 
plough line across it in an open one. 

As regards the interior division of a colony into Counties, &c., 
the following general regulations, established many years since, are 
still in use :— 

Counties are to contain, as nearly as may be, 40 miles square; 
hundreds, 100 square miles; and parishes, 35 square miles. 

Natural divisions, such as rivers, streams, highlands, Sec, to con- 
stitute as much as possible these boundaries; and, for the purpose 
of obtaining a well-defined natural boundary, a smaller or greater 
quantity than the above averages is permitted ; but not to exceed or 
fall short of such established areas by more than one-third of each. 

* Ponnerly land naed tD be Bold in Snaih Australia at the uniform fixed price of If. per 
acre. The eysteni of selling bj aucljon was introduced by tlie Aujtralian Waste Land's 
Act in tho jeai 1843. Tbere are Tarious opinions as to the comparative merits of these 
opposite systems, the Erst of which wan introdnced by Mr. E. 9. Wakefield ; and its ad- 
'nnlages are stTongl; set forth in the pamphlet apan Colonial Surreying, recently published 
Pfliil brother, Ur. F. VakeGeld. 
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Reserves are allowed to be made for all necessary public roads 
and other internal communications, either by land or water; also 
for the sites of towns, villages, school-houses, churches, and other 
purposes of public utility and convenience. 

When the division between Provinces or Counties, or other lines 
of territorial demarcation, is represented, either altogether or in 
(laj't, by a meridian line ; or a line having any fixed angle with the 
meridian ; or by a portion of the arc of a paraDel (as is the case in 
many of the Australian provinces) ; it is of course necessary to be 
able to determine and mark upon the ground with accuracy such 
meridian or parallel, directions for which are given in the last 
chapter on Practical Astronomy. Most useful practical information 
Bpon this subject will also be found in the narrative of the survey, 
md marking of the boundary between the British possessions in 
North America and the United States of America, in 1842, pub- 
lished by Major Robinson, Royal Engineers, in the second and 
third volumes of the " Corps Papers." 

Operations of this nature, if conducted with the very gi'eat care 
and precision that were bestowed upon the boundary alluded to, 
involve the perfect knowledge of the manner of using and adjusting 
the transit, and altitude and azimuth instruments; and also the 
management of chronometers. The boundary line between South 
Australia and what now constitutes the province of Victoria, 
(the 141st degree of east longitude) was however determined (and 
since marked on the ground for a considerable distance,) under 
the New South Wales Government, by one of their surveyors *, 
vrith only a sextant, a pocket chronometer, and a small 
3^inch theodolite; but though the work was performed with 
the greatest care and attention, and with probably as great a degree 
of accuracy as could be obtained with these imperfect instruments; 
the result can of course only be looked upon as an approximation 
lar too vague for the determination of a division of importance. 
The North American boundary, on the other hand, may perhaps 
have been defined with more precision than was absolutely neces- 
sary in a line of demarcation running for its whole length through 
a wild uncleared country. 
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Having now gone through the method of dividing the land into 
minute sections for occupation, and its further division for terri- 
torial purposes ; this chapter will conclude with a short reference to 
the objects to be held in view in conducting exploring ejq)edi- 
tions beyond the bounds of the settled districts, for the purpose of 
adding to the geographical knowledge of the country and developii^ 
its resources ; which objects are very similar in character to tho« 
described in page 3, when treating of the preliminary operatioU 
of a survey in a newly-formed colony. 

The nature of the country to be traversed will, as far as this il '^ 
known, indicate the method of travelling that must of necessity bl ^ 
adopted. Extensive inland water communication, as in the Canadi^ '^ 
points to the canoe as the readiest mode of transport ; coniparativd]^ 
open and generally grassy land, as in Australia and Southern Africa 
requires the use of horses and oxen ; whilst in many other countriea - 
the thick underwood can, in parts, be traversed only on foot; and 
barren deserts by the aid of camels. These different modes of loco- 
motion evidently all require different preliminary arrangements,' 
The objects in view, however, are much the same in all cases*; vifc- 
a knowledge of the climate, sod, native population, geological 
formation, botanical character, of the country, and its resources rf' 
all kinds; as well as the delineation (as perfect as the time and' 
means that are available will admit) of the natural features of the 
ground. 

All points known as portions of the settled country being soon 
left behind, the explorer has to trust to his own judgment as to 
the best directions in which to conduct his party ; tq his own enei^ 
in overcoming the natural obstacles that he will be certain to en- 
counter ; and his own practical skill in fixing at proper intervals his 
different positions by means of astronomical observations, and 
mastering rapidly the general massive features of the ground tot 
the purpose of making a rough sketch of the country passed over, 
showing more particularly the directions of the principal ranges oi 
hills, and of rivers, and watercourses. 

In a large party these labours may often be subdivided ad- 
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vantageously ; but the leader must remember that the entire 
responsibility still rests with him; and if he does not actually 
participate in every portion of the work, he must nevertheless 
exert a general influence over the whole. 

As regards the fixing, with as much accuracy as may be at- 
tainable, the various positions of encampments, the directions and 
sources of rivers, and all marked prominent features ; much assist- 
ance is to be obtained by carrying on, as far as it can be done, a 
species of rough triangulation (with a sextant or other portable 
instrument), from the extreme trigonometrical stations, or any 
prominent landmarks the positions of which are known and re- 
presented on the plans. This may however very soon become im- 
practicable from the nature of the country or other causes, and the 
traveller then finds himself much in the same predicament as at sea, 
liaving little beyond his dead reckoning to trust to for the delineation 
on paper of his day's work. In this position he must look to the 
heavens for his guide ; and hence the necessity for his becoming 
himself or having with him, a good and rapid observer. 

At sea, the latitude is always obtained at noon by a meridian 
altitude of the sun* (when visible); '^ sights" as they term ob- 
Bervations of single altitude for time, having been taken three or 
four hours before. The latitude obtained at noon is then reduced 
by dead reckoning to what it would have been at the time and 
place of the morning observation, (using the traverse table ;) and 
with this deduced latitude the hour angle is computed f, and the 
equation of time, plus or minus, applied for the mean local time ; 
idiich, when compared with the Greenwich time, shown by the 
chronometer, (allowing for its rate and error), gives the longitude 
east or west of Greenwich at the time of the morning observation. 
By applying, by dead reckoning, the change in longitude between 
that time and noon, the longitude of the ship at noon is obtained, — 
flie latitude has already been found by direct observation, — and the 
two determinations afford the means of recording upon the chart 
the position of the ship at noon on that day. 
Somewhat similar to the above proceeding must be that of the 



* For the method of caknliiting the latitude from a meridian altitude, see chapter zi. 
^ See cihapta xi. 
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explorer in r wild anknown tract of country. He would sol 
probably 6nd it conveniect always to obtain bis latitude at hood; 
but he can generally do so, and more correctly, at night*, by the 
meridian altitude of one or more of the stars of the first or secood 
magnitude, whose right ascension and declination are given in die 
Nautical Almanac. His local time can, immediately before or 
after, be ascertained by a single altitude of any other star out of 
the meridian (the nearer to the prime vertical the better) ; and if 
he carries a pocket chronometer upon which any dependance can 
be placed, he has thus the means, by comparison with bis local 
time, of obtaining his approximate longitude, and of laying down 
his position upon paper. 

In travelling, the rate of the chronometer will probably be foand 
to vary ; but as frequent halts of two or three days are likdy to 
occur, these opportunities should never be lost of ascertaining the 
change of rate. The longitude should also be obtained occasionally 
by lunar observations on both sides of the meridian ; or by some of 
the other methods given in the last chapter. 

The results deduced from such observations must not be reUed 
upon within ten or twelve miles, but a carefid observer should 
rarely exceed these hmits; and bis latitude ought always to be 
vrithin half a mile, or under the most unluvourable circumstances, 
one mile, of the truth. 

With these all-important data, enabling him to fix with approxi- 
mate accuracy point after point -f in his onward course, the explorer 
can have no difficulty in interpolating by angles, taken with a 
sextant or with an azimuth compass, all strongly-marked promi- 
nent features, or in laying down his route upon paper correctly 
enough for the purposes of identifying particular spots, and giving 
a faithful general representation of the features of the ground he 
has travelled over. The value of this sketch will be much enhanced 
by its having recorded on it, as nearly as they can be ascertained 
by the mountain barometer or aneroid;]:, or by the temperature at 

* See cbapter li. on Practical AMiDDomy. 

t The distancea between ponUana, the latitudes and langitides of vUcii have Lhc 
deleimiaed, can be eaialj calcokted in the manner deBcribed in the acxt chapter ; bf which 
means thej can be lud down with more accuracy, if the extent of ground ttarelled ovec ii 
sot rery great 
1 J See chapter ii. 
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iter IS found to boil*, the altitudes of the most important 
y as the summits of hills, the levels of plains, and sources 
s and rivers. 

meteorological observations, even of the most simple cha- 
luch as merely recording the readings of the thermometer 
meter at stated times, will also prove of essential service as 
'^e of the climate ; and these will be of additional value if 
nied by a record of the quantity of rain fallen on different 
3uld any portion of the party be stationary for sufficient 
• time at any one spot, to make these observations. If not 
with a rain gai'ge of a better description, a tin pipe with 
innel, the area of the top of which bears a certain propor- 
lat of the tube, will answer perfectly to measure the quan- 
vater fallen. A light graduated wooden rod is 
i cork float, and indicates, above the level of the \ / 
e funnel, the number of inches ; — ^the graduations 
)d of course being proportioned to the ratio be- 
e areas of the surface of the funnel and that of 
Thus, if the proportion is 10 to 1, the measuring 
be Ufted 10 inches for every inch of min. 

* See page 111. 
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CHAPTER X. 



OEODKHtCAL OPEltATIONB CONNECTED WITH A TRIGONOMETlICiU. 
SURVEY. 

In the words of SirJ. Ilerschel, " Afitronomical Geography has 
for its objects the exact knowledge of the form atid dimensioas oF 
the earth, the parts of its surfiice occupied by sea and land, and 
the configuration of the surface of the latter regarded as pro- 
tuberant above the ocean, and broken into the various forma of 
mountain, table land, and valley." 

The form of the earth is popularly considered as a sphere, but 
extensive geodesicid operations prove its true figure to be that of 
an oblate spheroid, flattened at the poles, or protuberant at the 
equator ; the polar axis being about yj-j- part shorter than the 
equatorial diameter". This result is aiTived at by the measure- 
ment of arcs of the meridian in different hititudes, by which it is 
ascertained beyond the possibility of doubt, that the length of a 
degree at the equator is the least thai can be measured, and that 
this length increases as we advance towards the pole; whence the 

■ The enct dctemiinatioa of area a! the meridian measured in FFanre, and bIm the 
comparijon of ihe three portion! into which the arc of the meridian between ClillDn and 
Dunnon wai divided, pnienling the same anamalf of the degrees appearing to dimini^ as 
ibej approach the pole, ate oppoeed Id the hgiire of the earth being eractlt/ a homogauoui 
or nilalt rllipioid ; but it* approTimation to that figure \i aa cIok, that calcolations baaed 
upon it are not affected by the mpposed alight difference. The proiimily of the extreme 
itolioni to mounlainiiut dlBlricti was supposed to have been partly the cause of thii dis- 
crepancT, as the atlraction of high land, bj affecting the plummet of the Zenith Sector, 
might hne titiated the obseiratioDa for the difference of latitude between two stationi. 
A aurvej vat undertaken bj Dr. Maake;flene aolelf to estsblid the truth of tbia auppv- 
aition, the account of which is published in the " Philoaophical TransacdDm " for 1775. A 
distance of upwards of 401)0 fret was acturately measured belweai two sta^ona, one on 
the north and the other on (he loulh ijde of ■ mountain in Perthshire. The difieroKe of 
latitude between these eitrBnid^ of the measured distance was, from a number of most 
careful ohserralions, delemiined to be 51"'€. Geodaicallii this arc nii^ to Aaie leva oalj 
""'S, showing an ennr of H"'7, due to the deflection of (he [Jumniet. 
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I greater degree of curvature at the former, and the flattening at 
the latter, is directly inferred. 

Our " diminutive measures " can only be applied to compara- 
tively small portions of the surface of the earth in succession ; but 
from thence we are enabled, by geometrical reasoning, to conclude 
the form and dimensions of the whole mass. 

There are two difficulties attending the measurement of any 
definite portion of the earth's circumference, (such as one degree, 
for instance *,) in the direction of the meridian, independent of 
those caused by the distance along whicli it is to be carried : the 
first is, the necessity of an undeviating measurement in the true 
direction of a great circle ,- and the second, the determination of 
the exact spot, where the degree ends. 

The earth having on its surface no landmarks to guide us in 
Buch an undertaking, we must have recourse to the heavens; and 
though by the aid of the stars f we can ascertain when we have 
accomplished exactly a degree, it is far more convenient to fix 
upon two stations as the termini of the arc to be measured, having 
<K nearly as possible, the same longitude, and to calculate the 
length of the arc of the meridian contained between their parallels 
from a series of triangles connected with a measured base, and 
extending along the direction of the arc. From the value thus 
obtained, compared with the difference between the latitudes of 
the two termini determined by a number of accurate astronomical 
observations, can be ascertained of course the lengtli of one degree 
in the required latitude. 

The measurement of an arc of the meridian, or of a parallel, ia 
perhaps the most difficult and the most important of geodesica) 
operations, and nothing beyond a brief popular description of the 

* Here than an entire degree (&boat 100 miles) was actually measured on tlie gionnd in 
PenntylTank, b; Mcsan. MaBon and Diion, with wooden reclangular frames, 20 feet 
long each, laid perfectly level, without any triangulation. Page 10, " DiiCDnrB Prfi- 
liminaire. Base du Spteme Melrique," and " Fbitosophical Transactions" for 1768. 

t The ataiB whnac meridional altitude! are observed for the determination of the lati- 
tude should he selected among those paaung through, oi near, the zenith of the place of 
observation, that the results may be as free as possible from any micerlainty as lo thi 
amount of refraction. With proper care and a good instrumoiit, the latitude 
portant a purpose ought to be determined within one second n/ ij>ace, unleSE I 
iBtwfeie to aSect the result , 
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inodee of proceeding which have been adopted in this counlry, 
and elsewhere, can here be attempted. Foi' the details of the ab- 
Bulute ineaBurement of the basee from which the elements of the 
triangles were deduced, as well as the various minute but necesgaiy 
preliminary corrections, and the laborious analysis of the calcula- 
tions by which tlie length of the arcs were determined from these 
data, reference must be made to the standard works descriptite of 
these operations. 

At the end of the second volume of the " Account of the 
Operations on the Trigonometrical Survey of England and Wales," 
will bo found all the details connected with the measurement of an 
arc of the meridian, extending from Dunnose in the Isle of Wight, 
to Clifton, in Y'orkshire. The calculations are resumed at page 
354 of the third volume ; the length of one degree of the arc 
resulting from which, in latitude 62° SO, (about the centre of 
England,) being equal to 364,938 feet. 

An arc of a parallel was also measured in the course of the 
trigonometric a! survey between Beachy Head and Bunnose, in 
1794, but fault has been since found with the triangulation, and 
corrections have been applied to the longitudes deduced therefrom, 
which are alluded to in " The Chronometer Observations for the 
difference of the longitudes of Dover and Falmouth," by Dr. 
Tiarks, published in " The Phil. Trans, for 1824," and in Mr. 
Airy's paper " On the Figure of the Earth." 

The arc measured by Messrs. Mechain and Delambre between 
the parallels of Dunkirk and Barcelona, described in detail in the 
" Base du Systdme M^trique Decimal," had for its object, as the 
title of the work implies, not only the determination of the figure 
of the earth, but also that of some certain standard, which, being 
an aliquot part of a degree of the meridian in the mean latitude 
of 45°, might be for ever recognised by all nations as the unit of 
measurement. To have any idea of the labour and science 
devoted to this purpose, it is necessary to refer to the work itself, 
in which will be found the reasons for preferring a portion of the 
measurement of the surface of the globe involving oti/i/ the con- 
sideration of space, to the length of a pendulum vibrating seconds 
having reference both to lime and space. In addition to the de- 
termination of this standard of linear measurement, which was 
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denominated the " metre," and defined to be the ten -millionth 
part of the quarter of a great circle passing through the poles *, 
the committee, consisting of all the most distinguished scientific 
men on the Continent, agreed also upon a standard of weight de- 
rived from the same source. A cube, each side -jV P^^rt of the 
metre, or a " decimetre," (chosen on account of its convenient 
Bze,) was supposed to be filled with distilled water of the 
temperature of ice just melting; and the weight of the fluid con- 
stituted the " killogramme" This temperature was selected as 
being pointed out by nature, and independent of any artificial 
gradations; and also, as being the point at which the density of 
aater is nearly a maximum, as it expands immediately on 
lalidifying ; although dmni to about 40° it continues gradually to 
condense. No other substance, either liquid or solid, combines so 
many recommendations ; but the difficulty that arose was to con- 
Btruct a solid mass representing this weight of water, which might 
be kept as a standard ; their method of ovei'coining this is ex- 
plained at pp. 563, 626, and the following pages of the third 
volume. " Bodies of unequal specific gravities may weigh equally 
in one state of the atmosphere, but not so in one of either greater 
or less density, and a vacuum was therefore of necessity resorted 
to." In the words of the report, (vol. iii. p. 565,) " C'est an poids 
da decimetre cube d'eau distillee, k sa plus grande density, qil'on 
doit feire 6gal le poids d'une masse solide donn6e, tons les deux 
fitant supposes dans le vide; voila a quoi se reduisoit la question 
de la fixation de I'unite de poids." In the end, cylinders of 
platinum and of brass were constructed, of precisely the same 
weight as the killogramme of water, both weighed in a vacuum. 
These two, from the difference of their masses, evidently would not 

' The Prench Cummissianeig, hoveTer, baving in ttieii calculations employed j^i as their 
wine of the earth's lompreasion, now known to be incorrect, the metre, Blriclly speaking, 
am aa longei be bo defined. The detennination of the Talne of the English Btandacd, — the 
jud, — httB been recommended by the comniiBsionenj appointed in 1841 fur the rcitoration of 
fle (tandsrda of weight aad measures after the injury done to the original standard hy 
die bunuDg of the House of Commons in which it was deposited, to be effected by joint 
Rference to the three Mandanla extant upon vhich moat reliance can be placed ; viz., those 
belonging to the Royal Society ; the Royal Astronomical Society; nod Ibo Board of Ordnance; 
lulead of haling reconrse to the standard previously established by act of Parliament, of 
mgth of a pendaimn vibrating seconda at a flied temperature m the latitudo of 
JfDDdoD. Mr. Baily states this length at the level of the sea, in vacuo, at the tempera- 
tore of 62° Fabi., hy Sic G. ShuokhutBTi'a scale, to be S0'1393 inches. 
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weigh, alike in the air. A brass cylinder, (of which several wetfi 
made,] was kept as the standard for public use; the platinum pre- 
sented to the " Institut," to be deposited there as " le representatif 
d'une matise d'eau prise a son maximum de condensation, contenQe 
dans le cube du decimetre, et pesee dans le vide." 

During the progress of these operations, observations were made 
by Borda, (whose repeating circles of 16 and 16^ inches diameter 
were used in trianirulation,) on the length of a pendulum yibnitiiig 
seconds at the level of the sea, in the latitude of 45°, at one de- 
terminate temperature. The length of this pendulum (of platina) 
was ascertained in millimelres, and was declared by the Com- 
mittee to be so accurate, as to serve, in case of any accident 
happening to the standard, to comitruct again the unit qfvteasure- 
menl without another reference to an arc of the meridian. 

The prolongation of the measurement of this arc from Barcelona 
to Formentera, the mofit southei'ly of the Balearic Isles, and its 
connection with England and Scotland, was published in 1821 by 
Messrs. Biot and Arago (under whom the operations were con- 
ducted), in a work entitled " Recueil des Observations Geode- 
siques, Astronomiques, et Physiques." The whole arc measured 
amounted nearly to 12J°, and was crossed at about half its length 
by the mean parallel of 45°. 

The following table, taken from Mr. Airy's " Figure of the 
Earth," published in the " Encyclopaedia Metropolitana," shows 
the length of the principal arcs of meridian and parallel that have 
been measured in diiferent latitudes : 




uui Arc, cnlculnted b; Delambre 

MaupGituii' Swcdiih Are 

Prrncb Arc, bj LacaillH and Cuiini . . 

Roman Ace, by Boicoiich 

Luaille'i Are, nrai the Capa of Oood 1 

Hope ; 

American Arc, by Mason mid Dixon . . 
Ptcnch Arc, from FDnnealcra [o Dunkirk 

inb«rg'» Swedish Arc 

1, from DumioBB to Burlcigb 1 

Lamfaton's fini Indian Arc 

second Indian Arc, as ei- 1 

tended by ETeresl J 

tdmonlaie Arc, by Flimi and Carlim . 

ian Arc, by Gauft 

Arc, by Slruve 



ee 19 37 



20 10 

8G 46 

32 21 

S 22 

67 30 

17 37 



1131057 
361832 

3040605 
787919 



1112963 
571388 

5791599 
411557 
736128 

1309742 
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ABOS OF PARALLEL. 


Latitude. 


Extent in 
Longitude. 


Length in 
Eng. ft. 


Arc across the month of the Khone, by 1 
Lacaille and Oassini j 

Gfeneral Boy's Arc, between Beachy 1 
Head and Dnnnose j 

Arc from Dover to Falmouth .... 

Arc from Padua to Marennes .... 


48° 31' 50" 

50 44 24 

50 44 24 
45 43 12 


V 53' 19" 

1 26 47-9 

6 22 6 
12 59 8*8 


503022 

836099 

1474775 
8816976 



The detailed accounts of the measurements of these arcs are to 
be found in the works of Puissant, Cassini, Biot, Arago, Borda, in 
Colonel Lambton's papers in the " Philosophical Transactions " 
(1818 and 1823), and in the works of Captain Everest, published 
in 1839; dnd a popular description of the different methods 
adopted for the measm'ement of the bases, in each of these opera- 
tions, is given in the paper " On the Figure of the Earth," in the 
" Encyclopaedia Metropolitana," from which the foregoing table 
was extracted. ' 

The conclusion drawn by Professor Airy from the above measures, 
is that " the measured arcs may be represented nearly enough on 
the ivholey by supposing the earth's surface at the level of the sea, 
or at the level at which water communicating freely with the sea 
would stand, to be an ellipsoid of revolution whose polar semi- 
axis is 20863810 English feet, or 3949-583 miles; and whose 
equatorial radius is 20923713 feet, or 3962*824 miles. The ratio 
of the axis is 298*33 to 299*33 : and the ellipticity (measured by 
the quotient of the difference of the axis by the smaller) is g-^^-^s , 
or -003362. The meridional quadrant is 32811980 feet, and one 
minute = 6076-2777 feet." 

Mr. Baily assumes the proportion between the polar axis and 
the equatorial diameter to be as 304 to 306, whence the com- 
pression amounts to ^. 

The most general valuation of the compression is -g^j ^.nd in 
the numerous tables of compression, given by Dr. Pearson in his 
invaluable work on Practical Astronomy, it varies from -3 ^ to 

TTS' 

Instructions for conducting the measurement of arcs of the 
meridian will be found in Francoeur, page 148, and also in 
Puissant's " G6odesie," vol. i. p. 242, and in the 12th chapter of 
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*^ WoodlKNise*s TrigoDometiy.'' Bdowkgifai a popular 
rf the Methods of pgoccd i e. 

The Kne AX in the %«re mniawl (Jif. 1) rqpRMnfs a 
of ui art of the meiUiaBy on wUA it is l e q a iwal to measme 
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L X being short,) or more correctly to X', the point of intersection 
with this meridian of the parallel drawn through L, becomes the 
distance to be attained by calculation. The length of A B, or of 
any other side, is first accurately determined with reference to 
some measured base, and the angles at the vertices of all the 
triangles observed with the most rigid accuracy; and after the 
necessary corrections for spherical excess have been made, with 
the reductions to the centre and to the horizon if required *, the 
sides of the triangles are calculated from these data, as if projected 
on Ihe surface of the globe, at the mean level of the sea. The 
azimuths of all these sides also require to be known, that is, the 
angles they respectively make with the meridian, which can be 
calculated from C A X, or any other azimuth which has been 
observed ; and the latitudes of the two extreme stations must be 
ascertained with all the minuteness of which the best instruments 
are capable +, for comparison with the distance obtained by calcu- 
tion between them. The first method that was adopted of ascer- 
taining from these data the required length of A X, is termed that 
of oblique-angled triangles, described in Francceur's " G6odesie," 
page 151; in " Puissant," vol. i. page 243; in the "Base du 
Syateme M^trique;" and in p. 277 of Woodhouse's "Trigonome- 
try," It consists in calculating the distances A M, M M', &c., on 
the meridian line between the intersections of the sides of these 
triangles, or their prolongations, as at IV ; their sum evidently gives 
the total length AX. 

The preliminary steps of the second method are the same ; but 
instead of finding the distances A M, M M', &c., the perpendiculars 
ki the meridian J B5, Cc, Drf, are calculated (page 246, Puis- 
sant'a "Geodesic," vol. i.), the azimuths of all the sides being 
known; and from thence are obtained the distances on the 
meridian AJ, Ac, cN, &c., and of course the total length AX. 
This method was uitroduced by Mr. Legendre, and has been partly 
adopted in the calculation of the arc measured between Dunkirk 

' Franweur'B " Qeaieae," p. 132 ; Airy's " Figure of the Earlb," p. 199. 

t No leu than 3900 obaenatiooa were made for the deWnnination of the latitude of 
FormenleTB. 

t Perpendiciilara lo ike meridian in a sphere cut the equator in two points diametiicaUy 
oppoaile, but not in an ellipsoid of [evolution, oi in an irregular spheroid. 
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and Barcelona described in the " Base du Syst^me Mfetrique," 
also on that between Dunnose and ClifLon, it being considered i 
only more expeditious, but also more correct. Another advantagt 
of thia method is (if all the triangles are intereected by thtf. 
meridian), that by calculating the vartoufl portions of which tlu 
arc is composed from the right-angled triangle formed on 
side of the meridian separately, one result serves as a check, upon 
the other. 

A modification of this method is described in Puissanfi 
"G6odesie," page 248, which consists in constructing through tht 
vei-tices of the triangles parallels both to the meridian A X ani 
the perpendicular A Y, without taking any account of the spherical 
excess. The intersections of these lines form, with the sides of' 
the triangles, right-angled triangles, of which those aides are thfr 
hypothenuses ; and the azimuth of each being known, all the 
elements can be ascertained, as is evident by reference to Jig. %> 
In this manner, the distances of several places from the perpendiJ 
cular, and the meridian passing through the observatory of Parisg 
were calculated by Cassini. 

The third method ("Puissant," vol. i. page 3 16} of ascertaining 
length of the arc A X is by determining the geographical positioi 
of the vertices of the triangles extending along the meridian, ant 
calculating the difference of their parallels of latitude projected 
the meridian, the sum of these being the measure of the arc. 

The measure of an arc of a parallel is calculated by a similai 
process, which is described at page 319 of the same work. 

The methods of calculating, geodesically, the latitudes, longi- 
tndes, and azimuths of the different stations from one meridian^ 
with the rigid accuracy required in such operations as the me 
ment of an arc of the meridian or parallel, will be found fUlly ex»^ 
plained in the 12th chapter of Woodhouse's "Trigonometry;" 'm 
the 18th chapter of Puiasant's " Gfiodeaie;" and in " Francoeur.^ 
Tlieir determination by astronomical observations will be treatedi 
of hereafter, 

On the supposition that the earth is a sphere, the calculatiotu 
are resolved into the solution of spherical triangles. 
The accurate length of the arc on the surface of the earth, be- 
1 two very distant places whose latitude and longitude have 
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been determined, is, on account of the spheroidal figure of the globe, 
a problem of great difficulty, and of no real practical utility ; — it 
ia fully investigated in Puissant's " G6odeaie," vol. i., page 296*. 
Between stations, however, within the limits of triaDgulation, it ia 
often useful to calculate the distance as a check upon the geodesi- 
eal operations; and in the length of an extended line of coast, or 
m a wild country, where tviangulation may be, from local obstacles 
or want of means, quite impossible, the sohition of this problem is 
of great importance for the purpose of laying down upon paper the 
positions of a certain number of fixed stations, between which the 
interior survey has to be carried on; and it is, within such bounds, 
one of easy application, particularly in the latter case, where the 
observations themselves are generally taken with portable instni- 
ments, and not with minute accuracy. 

In the accompanying figure, P is the pole 
of the earth (considered as a sphere), and S 
ud S' the two stations, whose latitude and 
longitude are determined ; the angle SPS' is 
eridently measured by the difference of their 
longitude, and P S and P S' are their respec- 
tire latitudes; the solution of the spherical 
triangle PSS' then gives the length of the 
ircSS'. 

If it is possible, when observing at S and 
S', to determine the azimuths of these statiotia 
from each other, that is, the angles PSS' and 
P8'S, a more accurate result will be obtained, as these angles can 
he determined with precision, whereas the angle P depends upon 
the correctness of the observations for longitude at each station, 
which with portable instruments is always, at best, but a close 
»pproximation+; and the errors in the determination of each may 
lie in the same, or in different directions. In geodesical opera- 
tkuu, if it be possible, the reciprocal azimuths of stations should 




' See bIm Franccear's " G^odeaie," p. 208. 
+ In caKS where the differeace of longitude betw 
liT meaai of sigoala, or by the interchaDge of chronr 

;e of tlie angle F ma; bs ablained vrlth gnat accDiac;. 



I alationa can be itscertained 
explained in tbe neit cbap- 
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alwatfit be observed, aa well as the angles contained between them 
and other trigonometrical points. 

From these reciprocal azimuths, with the astronomical latitudes 
of each station, the difference of their longitudes, or the angle of 
inclination of their meridians, is found by Dalby's method of solu- 
tion, which is applicable to spheroids. This mode of determining 
the difference of longitudes by observations of reciprocal azirautli 
was practised on the Ordnance Survey; and the analysis of the 
theorem is given at length in page 214 of Airy's " Figure of tie 
Earth." In the course of the investigation it is proved, that ihe 
spherical excess in a spheroidal triangle is equal to that in i 
spherical triangle whose vertices have the same astronomical lati- 
tudes and the same difference of longitude ; from whence resolli 
the following simple rule — 
tan J diff. longitudes = ?™'^!?i'?^x cot Jsum of azimuthalangles, 

Generally, a small error in the latitudes produces no sensible 
error in the determination ; but in tlie azimuths, accuracy is of 
vital importance; when the latitudes are small, their correctness 
becomes of consequence, and the method is not therefore well 
adapted for stations near the equator. 

The angle at the pole formed by the two meridians being tin* 
obtained, the distance SS' between the stations can be foan^ | 
nearly in the triangle PSS'; this arc, however, must be coO' 
verted into its corresponding value in distance on the surface o' 
the earth ; and if its spheroidal figure be taken into account, th* 
radius of curvature must be ascertained for the middle latitude 

On the other hand, to obtain geodesicaUy the latitudes, longi-' 
tudes, and azimuths of stations from others whose positions on th^ 
surface of the globe have been determined by triangulation, it \0 
necessary to be able to convert any measured or calculated dig-* 
taoces on the earth's surface into arcs ; for which purpose also the 
radius of curvature of the arc in question is required, to obtain an 
accurate result. In a paper published by Mr. Galbraith, in the 
51st number of the " Edinburgh New Philosophical Journal," 
tables are given to facilitate this preliminary computation, whether 
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the arc be in the direction of a meridian, of a perpendicular to the 
meridian, or forming an oblique angle with it — as also those for 
the azimuths, latitudes, and longitudes, and convergence of me- 
ridians. 

The formula given in the " Synopsis of Practical Philosophy" 
for the radius of curvature at any point of the terrestrial meridian, 
supposing the earth to be an oblate spheroid, is as follows, a and b 
being the equatorial and polar semi-axes, / the latitude, c == (a — J) 
the compression : — 

r = a — 2c 4- 3c.«ew2Z 



or = a 



|— / cos2l 




At page 192 of Mr. Airy's 
"Figure of the Earth/' the 
Mowing method is given for 
determining the radius of cur- 
vature: — 

" The latitudes of the places 
P and Q, whether on the same 
meridian or not, are the com- 
plements of the angles pVs^ 
}Q« respectively, which are 
included by the verticals at the 
places, and the lines drawn to the celestial pole. And if S be any 
star which can be observed at both places, the angle sVp = 5P S 
+ SPjE?, and «Qy = 5QS+SQy; considering, therefore, the 
angles SQ«, «PS as equal, the difference of latitudes is the same 
as the difference of SPjo, SQj; that is, it is the same as the dif- 
ference of the zenith distances of the same star at the two places, 
and can therefore be easily found. Now, if the places P and Q 
be on the same meridian, their verticals will intersect in some point 
D; and the difference of latitudes, which is the difference of *Qy 
and sVpy or (Pr being parallel to Qy) the difference of sVr and 
«P|?, is equal to rVp or QDP, the angles contained by the ver- 
ticals. The length P Q being known from measurement, and the 
angle PDQ, or the difference of latitude, being found by observa- 
tions of the zenith distances of a star, the length of PD or QD, 
(^ the radius of ctirvature, is found. 
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" Atrnin, if T and V be two places 
on different vieridiana, and if planes 
bo drawn throni^h these places, and 
through the axis, AC, of die earth, 
the an^le made by the^ planes (or the 
differfuce of the longitudes) may be 
determined astronomically. Now, in- 
stead of T we have a place t, whose 
latitude i» the sume as tliat of V ; and if we draw V\V, (W per- 
pendicular to tilt' axis, the angle between the planes will be the 
MRWMtbe angle VWf. The distance Vt being measured (or 
otherwiM obtwiied), and the angle V W f , or the difference of \ob- 
^tude b<nng found, the len^h of VW, or tW, or the radiut of a 
parallel, will be found. Hither of the measures will give this line, 
which will lutttcriutly as^st lu determining the earth's form and 
dimensions, but they cannot easdy be combined : the difference o^ 
latitude can l»e «see4laineil with so much greater accuracy than th^ 
dilfureni.'v of longitude, that measures of the former kind hav> 
girnorally been relied upon." 

This subject is still fiirther pursued in the work from which th( 
above extract has been made. 

It mny also bu required (o calculate with the greatest exactnes! 
the azimuths or true beuriugs of two distant stations from eaclfc' 
other, the latitudes and difference of longitudes of these points 
having Iw-en determined by observation; as was the case in mark- 
ing the North American boundary in 1845, when one line 64 miles 
ill length was cut through the dense Canadian forest upon bearings 
from each of (he extremities computed by the following directions 
and formulit' funiished by Mr, Airy, 

Convert the diflerence of longitude found in time, into arc. 

From the latitudes of the stations compute the following for- 
mula : — 

Tan ^ sum of spherical azimuths 



i 



cos i diff. colat. . , .-it ■ -. , 

r= ^ ; ,- X cotan t difierence longitudes. 

cos f sum colat 

Tan i difference spherical azimuths 

_ sine i diff. colat. . , ,.~ , .., 

=: ^ ■■ — X cotan i diUerence lomntndes. 

sine f sum colat. 



J 
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The larger azimuth (at the place where the latitude is greatest) 

= } sum azimuths + i di£P. azimuths. 
The smaller 

= J sum azimuths — i di£P. azimuths. 
These azimuths, found for a sphere, are thus corrected for the 
earth's spheroidal form. 

From the above spherical azimuths find the spherical amplitudes 
by taking the diflPerence between each of them and 90® ; for each 
case find an angle, a, by the formula '''' 

sine colatitude 



sm a = 



v/75 



Then the tangent of each of the true spheroidal amplitudes =: cos a 
X tangent spherical amplitude; the azimuths being obtained by 

applying to these 90°, additive or subtractive, according to the 

case. 

If, instead of determining astronomically and by the transmission 
of chronometers the absolute latitudes and the diflPerence of longi- 
tudes of these distant stations, they had been connected by a series 
of triangles ; and that from this triangulation it was required to 
obtain the true bearings of each point from the other for the pur- 
pose of running a straight line between them, the following is the 
wmple process : — 

Supposing A and B to be the two stations, connected, as in the 
figure, by a series of triangles, assume one side as a standard, say 




AC; compute C E as in a plane triangle ; from this compute CD, 
DE; from DE compute DF; from DF compute DB. With 
the two known sides A C and C D, and the angle A C D, compute 

* The steps by which this formula is arrived at are shown at page 346 of the " Coips 
Papers^" where also wiU be found examples of azimuths calculated by it on the surrey of 
the boundary alluded to. 
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L O a to radius O G ; and O L, tlie difference of UtHode, m die 
cosine to the game angle and radius. The following ezaiD|de wiE 
show the a])p]ication of this simple method : — 

The distance of a station O', 238 feet due south of the Rl. Engr. 
Observatory at Chatham from Gillingham Church, was a^ceTtaioed 
to he 7547'4 feet, and the angle SOG, the supplement of 
azimuth, = 78° 5^ 55"; Gillingham Church being situated io bV^ 
23' 24 "-12 north latitude, and 0" 33' 49"-41 east longitude. 
Then cob 78" 65' 55"— 9-283243 
log 7547-4— 3-877796 



oed 

i 



1448'9— 3161039 DiSf. of latitude ( 


aorth), in feet 

(west), in feet 
itude in latitude 


And sine 78" 66' 65--9-99I846 
log 7647-4— 3-877796 


7407- 


—3-869642 Diff. of longitude 


Tlie lengths of one second of latitude and long 
61" 23' are- 
Latitude 102-02 feet. 
Longitude 63-41 feet. 

.-. •^i-3 + 238 =16-63. Differeneeoflatitn 
102-02 


•"■•ow ="""■* 


= l'56"-8. Difference of longitude 


na.a 


LalJlude. 
Gillingham Church N. 5r23'24"-12 E. 
Difference N. . . + 16 "53 W. 


0- 33' 49"-41 
1' 66 -8 


Observatory . 


61° 23' 40 -65 


0°31' 


62 -^^M 



It is always necessary to ascertain the variation of the compass 

before plotting any survey, for the purpose of protracting such 

parts of the interior details as have been filled in by magnetic 

bearings, and also of marking the direction of the magnetic meri- 

>on detached plans. The laws of this variation are at pre- 

i little kuown ; and it is only by accumulating a vast num- 
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ber of observations at different places^ and at different periods, that 
the position of the magnetic poles and the annual variation and dip 
can be ascertained with anything like certainty. 

A meridian line being once marked on the ground, the bearing 
of this line by the compass is of course the Variation east or west. 
It can be traced with an altitude and azimuth instrument, or even 
a good theodolite, by observing equal altitudes and azimuths of the 
sun, or a star, on different sides of the meridian. With the latter 
object no £?orr^c#fow whatever' is required : the cross hairs are made 
to thread the star exactly (by following its motion with the tangent 
screws) two or three hours before its culmination ; the vertical arc 
is then clamped to this altitude, and the azimuth circle read off. 
On the star descending to the same altitude, at the same interval of 
time after its transit, it is again bisected by the cross hairs, and 
the mean between the two readings of the azimuth circle gives the 
direction of the true meridian, which being marked oiit on the 
ground, its bearing is then read with the compass. 

When the sun is the object observed, the altitude taken may be 
that of either the ti/pper or lowety and the azimuth that of the 
leading or following limh ; the mean of the readings of the azi- 
muth circle does not necessarily therefore in this case give the 
true meridian ; a correction must also be applied for the change in 
the sun's declination during the interval of time between the ob- 
servations. 

If the sun^s meridian altitude is increasing, as is the case from 
midwinter to midsummer, his lower limb when descending will 
have the same altitude at a greater distance from the meridian 
than before apparent noon, and the reverse when it is decreasin|^ 
The following formula for this correction is taken from Dr. Pear- 
son: — 

X = J D X sect, lat x cosect. J- T, where D is the change of 
declination* in the interval of time expressed by T. 

Example :— In latitude 51^ 23' 40" N. on May 12, 1838, the 
upper limb of the sun had equal altitudes. 



* The sun's change of declination is ^ven for eoery Jiottr in the first page of each month 
in the Nautical Almanac. 
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The magnetic bearing of the pole star, or of any circumpolar 

. Btar at its upper or lower culmination, gives at once the variation 

of the compass; a meridian may likewise be traced hy obsennng 

the azimuths of a star at its greatest elongations, and taking the 



If only one elongation is observed, the sine of the angular 
distance = "•" pda rdMaacejifjIar^ ^y_,^ ^^^^ ^^ ^^ 

cosine latitude 
tracted from, the observed azimuth, gives the direction of the 
meridian. 

The time at which any star is at its greatest elongation is thus 
found. The cosine of the hour angle in space = tan polar dist. 
X tan lat. This hour angle divided by 15 gives the interval in 
sidereal time. 

The other methods of finding the variation of the compass by 
the amplitude of the sun at sunrise or sunset, and by his azimuth 
at any period of the day, requiring more calculation, will be found 
among the Astronomical Problems. 

A meridian Hne can be marked on the ground, without the aid 
of any instrument, with sufficient accuracy to obtain the variation 

iof the needle for common purposes, by driving a picket verti- 
cally into the ground on a perfectly level surface. At three or 
fonr hours before noon, measure the length of its shadow on 
the ground, and from the bottom of the picket, as a centre, de- 
scribe an arc with this distance as radius. Observe, when the 
shadow intersects this arc about the same time in the after- 
noon ; and the middle point between these, and the picket, gives 
the line of the meridian. It is of course better to have three or 
foQr observations at different periods before and after noon ; and 
these several middle points afford means of laying out the line 
more correctly. 

The method hitherto described of laying down stations by tri- 
angulation, or by means of distances calculated from astronomical 
observation, is, however, only applicable within certain limits; as, 
on account of the spherical figure of the eartli, the relative positions 
of places on the globe cannot be represented by any projection in 
geographical maps embracing very lai^e portions of its surface, 
except by altering more or less their real distances, the content of 



vKOwuf tnut* vl*Mn^tMfir, »u6 ■■ htetr S f^m timg die iriiole appen^ 
iftMt, wiuw ugHi^JtMw^ with dw 4iiieKat pa rt ioM of the nme 

Kulwr W Ifue ^(.ifWUMt vr wae arfaftiwy arrangement of tbe 
fmhiiuuta wtd )MniU«ic w thenton neoeMarily adopted, and each 
f4itt^ U iMwIuul ON d(M ekdebHi aooordug to iu relative latitude 
futd l'iii^ti«4e, 'IImm pn^eetioM ■boob) be preferred in which the 
liiiiti^i%\iUu!H\ line* un nifMl <waily traced, and whose arranffemenl 
liittiifU HI lilll0 ($» piutihU lluf linear and taperjicial dimenmnt. 

|)iiiii:ri|itioit« of vnrliru* jirujitctioHH will be found in the works of 
I'HJHMlif I'l uiiuiKiir, anil otli'T luitlmrs on the subject ; and some 
very iM«lul ntjiluimUdiiM of the projections of the sphere, in s 
tr^ntlBauit " I'mntli'nl (iimmiitry and Projection," published by the 
^iioiut.v !>(' I'auttil Kimwlt^d^. 

Tiiu lulliming tlmrt Imt elonr drRnition of the three apedcB of 
IttMJwMiilt iHtuiHuntly iiatnl ill mnjia, irii., the oHkofra/tkic, «iereo- 
gfmtMc, n»il MnrtvuliirV u xaVvu ftvin znt J. K. Ilerecfaei'a " As- 

V (u t^ iMtiutifntfiUf- |>iK^ee^Mi vnrf poiHt of dM heniaipheK 
W ntwn4 ts>> m ^UmimtnX j^tm «r kad«k. I«r « fiip — i mhr let Ul 

iff w-mM s««MMli^ a^^pewt »» wt «^ y*Wi a< ift ■• iafcAe AMaoa 
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Tisual line P M E. The stereographic projection of a sphere, then, 
is a true perspective representation of its concavity on a dia- 
metral plane ; and as such it possesses some singular geo- 
metrical properties, of which the following are two of the 
principal : — first, alt circles on the sphere are represented by 
circles in the projection; thus the circle X is projected into x: 
only great drdes passing through the vertex B are projected into 
straight lines traversing the centre C; thus BPA is projected 
into C A. 

" Secondly, every very sniall triangle G H K on the sphere is re- 
presented by a gimilar triangle ghk in the projection. This valu- 
able property ensures a general similarity of appearance in the map 
to the reality in all its parts, and enables us to project at least a 
hemisphere in a single map, without any violent distortion of the 
configurations on the surface from their real forms. As in the 
orthographic projection, the borders of the hemisphere are unduly 
crowded tt^ether; in the stereographic, their projected dimensions 
are, on the contrary, somewhat enlarged in receding from the 
centre." 

Both these projections may be considered natural ones, inasmuch 
as they are really perspective representations of the surface on a 
plane; but Mercator'a projection is entirely an artificial one, re- 
presenting the sphere as it cannot be seen from any one point, hut 
as it might be seen by an eye carried successively over every part 
of it. The degrees of longitude are assumed equal, and of the 
value of those at the equator. The degrees of latitude are extended 
each way from the equator, retaining always their proper propor- 
tion to those of longitude ; consequently the. intervals between the 
parallels of latitude increase from the equator to the poles. The 
equator is conceived | 
to be extended out 
into a straight line, 
and the meridians are 
straight lines at right 
angles to it, as in the 
figure. Altogether the 
general character of '- 
m^>s on this projectbi 
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is not very dissimilar to what would 



160 UBODEBICAL OPERATIONS CONNECTED VITH 

bo produced by referring every point in the globe to a circum- 
scribing cylinder, by lines drawn from the centre, and then unroll- 
ing the cylinder into a plane. Like the ttereographtc projectioa, 
it givoB a true representation as to form of every particular 
email part, but varies greatly in point of scale in its different 
regionH — the polar regions, in particular, being extravagantly 
enlurginl ; and the whole map, even of a single hemisphere, not 
being cumprimible within any finite limits. 

The following simple directions are given by Mr. Arrowsmith for 
a projection, adapted to a map to comprehend only a limited por- 
tion of Uio globe ; for instance, that between the parallels of 44° 
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and 48" 30* north latitude, and longitudes 9' and IS* east of Green- 
Draw a line A B for a central meridian ; divide it into the 
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required number of degrees of latitude (4J) ; through one of these 
points of division (say 46®) diraw CD intersecting the meridian at 
right angles, and likewise draw lines through the other points 
parallel to C D. 

Take the breadth in minutes of a degree of longitude in lat. 46® 
= 41*63 ; from M towards C and D, set o£F each way one-half 
of this, 20-84, (M E . M G). Again, from N lay o£F on each side 
one-half of the length of a degree in lat. 47° z= 40-92 - N F, N H. 
Measure the diagonals G H, E F, and putting one point of the com- 
passes successively on F, G, H, and E, describe the arcs, x x xx. 
Take 41*68, the whole measurement of a longitudinal degree in 
lat. 46°, and lay off the distance, GO, E O, intersecting the arcs 
jra?a? at O O. Again, take the value of a degree in latitude 47° 
40-92, and lay off the distances E P, H P. 

This process continued until the parallels of 46° and 47° are com- 
pleted, the whole projection may be carried on in the same man- 
ner, the two parallels first drawn furnishing the respective points 
of each meridian. 

It would occupy too much space to pursue the subject further ; 
explanations of all the most useful projections will be found in the 
sixth chapter of Francoeur's " Geodesic," and in other works of 
the same character. 
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Bbporb proceeding to the solution of the few simple proUema by 
which the latitude, longitude, and time can be deternuaed imdcf 
diDerent circumatancoH, it is considered advisable to explain At 
meantnfi; of sucli teiais as are most constantly met with in practieil 
astronomy, and the corrections necessary to be applied to aO 
observations. 

The Sextant; Reflecting Circle, or Dollond's Repeating Cinfe; 
with the Artificial Horizon and Chronometer; are the description of 
jtorlable instruments generally used in taking astronomical observa- 
tions. In an observatory, or for any extensive geodesical opera- 
tion, instruments are required of firmer construction, and admitting 
from their size of more minute graduation ; but these are mostly 
confined to permanent establishments. 

In all reflecting instruments the angle formed by the planes of 
the two mirrors is only half the observed angle, but the arc or 
circle is graduated to meet this effect of the principle of their 
construction ; thus an angle of 60° is marked on the limb of the 
sextant 120° ; and the entire circle reads 720°. 

Descriptions of the methods of using and adjusting the sextant 
and reflecting circle are given in Mr. J, Simras' "Treatise on 
Mathematical Instruments," which little work is, or should be, in 
the hands of every observer ; but as no allusion is there made to 
the repeating circle*, which is, at all events in theory, the most 

• The repealing circle here Bpoken of, ia a reJUding circle, having iho power of repetition. 
For iho detemiination of latitudes and longitudes on aurveya of the magnitude of the 
OrfnancB Surysy of Great Briton, or for very important and delicate geodeaical operaUona, 
the Zenith Sector, Altitude and Aiimuth Instrument, and Fortable Transit are empiojed. 
This latter, though properly an observatory iiislrumenl, can be used upon a stand formed hy 
the itump of a luge tree, or by three or four strong posts driven into the gronnd, suppocting 
p, on which the transit ii placed. A rough pedeilal of maeoniy or brick-work of couraa 
e purpoae, great care being taken to secure its steodineu, and preTent it( 
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perfect of the class of reflecting instruments, a short description of 
the method of using it, is here given. 

Set the vernier, which moves on the circumference of the inner 
cirde (as do also the horizon glass and telescope at the extremities 
of arms having one common centre), to zero (or 720"), on the 
graduated outer circle, and clamp it. Unclamp the vernier at 
the end of the arm carrying the index-glass, which, when the 
two glasses are paralJel, should read zero. Take the required 
altitude or angular distance by moving the index forwards till a 
perfect contact is obtained, and clamp it to the outer circle, 
noting the time if required, but merely reading approximately the 
angle. 

Unclamp the arm to which the telescope is attached, and, revers- 
ing the instrument, make the contact again on the other side, by 
moving forward this arm concentric with that carrying the horizon 
glass, (which can be done very rapidly by setting it nearly to 
the approximate angle already read, but on the other side of the 
zero of the inner circle, which is graduated each way to 180°,) and 
perfect the observation by the tangent screw. The angle now 
read on the outer circle is evidently double that observed for the 
mean of the times, freed from any index error by the reversal of 
the instrnnient. This process may be repeated over and over 
again all round the circle as aften as required, and the last 
angle shown by the vernier of the horizon glass is the only one 
which requires to be read, and divided by the number of observa- 
tions, for the mean angular measurement answering to the mean 
of the times. 

Instead of setting the vernier at first to 720", it may be read off 
at any angle, as with the theodolite ; but the method described 
above is preferable. 

The terms answering to terrestrial longitude and latitude, when 
referred to the celestial sphere, are right ascension and decUrmtion ; 



tnilg a^cUd bj Ilie miiTemeDt of those abonC it, to ensure wLich, a sort of dDtHched plat- 
fenn upon posts will be found efficient Solid melt is considered not so soiled for the foun- 
h&im of this eoit of pedestal as sajid, or other species of earth, on account of lis more 
Ka^j conTejing tremulous yibralions to the instrument. Transits of from 20 to 30 
btbei focal kngth were tbni used upon the inney (in 1845) of the North American 
Bmiiduy, a lent made of fine cimias being contrived to protect the lights frem the wind. 
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the former being measured on the equinoctial (or the plane of the 
equator produced to the heaveng) commencing from the first point 
of Aries, which for many reasons has been taken as the convett- 
tional point of departure in the celestial sphere ; and the latter on 
great circles perpendicular to the equinoctial and meeting at the 
poles, being reckoned north or south of this plane, 

A confusion is caused, often puziling to beginners, by the inlm- 
duc^on of the terms longitude and latitude in the celestial nomen- 
clature, having a different meaning from the same expres^onsas 
applied to the situation of places on the earth ; they have reference 
to the ecliptic instead of the equinoctial ; celestial longitndes com- 
mence also from the intersection of these two planes, called the 
"firxi point qf Aries." This point having a constant gradual retro- 
grade motion on the ecliptic, from causes which will be found 
clearly explained in the third chapter of Woodhouse's " Astronomy," 
under the head of " Precession of the Equinoxes," and at p. 282 of 
the work of Sir J. Herschel, already alluded to, it is evident that 
the longitudes, as well as the right ascensions and declinations, 
even of the fixed stars, are constantly undergoing a slight 
change, though imperceptible to measurement in short intervals of 
time. The corrections for their places on this account, as well as 
on that of their annual variationa, aberration, and nutation, are 
all allowed for in the "catalogue of the hundred principal stars," 
given in the Nautical Almanac for every tenth day. 

Great circles perpendicular to the horizon, and meeting in the 
zenith and nadir, are called vertical circles; on these the altitudes 
of objects above the horizon are measured ; the complements to 
these altitudes are termed zenith distances; and the arc of the 
horizon contained between a vertical circle, passing through any 
object, and the plane of the meridian, is termed the azimuth of that 
object. The altitude and azimuth of any object being known, its 
place in the visible heavens at that moment is determined; whereas 
tlie latitude and longitude, or the right ascension and declination, 
fix its place in the celestial sphere. 

The right ascension and declination of any celestial object can 
evidently be determined from its latitude and longitude, and vice 

^ versd ; the obliquity of the ecliptic, or the angle it forms with the 

■tauinoctial, being known. 
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The sensible horizon is an imaginary plane taugential to the 
earth, at the place of the observer ; whereas the rational horizon 
(to which all altitudes must be reduced by the correction for paral- 
lax) is a plane parallel to the former, passing through the centre of 
the globe : an altitude requires also another correction for the 
effects of refraction *, which it has been already explained, in page 
71, causes the apparent place of any object to be always elevated 
above its real place ; the correction is therefore subtractive. 

The first correction alluded to, — that for parallax-^, — is always 
ttdditire. This term, as applied in its limited sense to altitudes 
of celestial objects, is nieant to express the angle subtended by 
the semi-diameter of the earth at the distance of the object ob- 
served. Altitudes of the moon, from her proximity to the earth, 
are most effected by parallax : it is also always to be taken into 
account in observing altitudes of the sun, or any of the planets; but 
the fixed stars have no appreciable parallax, owing to their im- 
measurablej distance from our globe. 

In the figure below, H is the sensible, and R L the rational 
horizon ; S the real place of the object, and S' its apparent place, 
elevated by refraction ; S'OH is the angle observed; SOH the 




altitude corrected for refraction, and SLR the same altitude cor- 
rected both for refraction and parallax, being equal to the angle 
OH -(- OSL, the parallax. 



* Bee the teolh cliapteT of Woodbauae'a " Aalraiiomjr " for the eiplanBtian of the method 
of DbtBining the constant of rE&acbon, and tbs diSetent tkIdgs of thii qaantitf , generallf 
eitimnled at 57". 
f For B further eipUnatioD of Parolkx in a mare general hhk, aee Sir J. F. Heriehel'i 
^^Bt-AitTonoiny," p. il, 
^^Kt At least GOOD million timea the diiuneter of the globe. 




PnaCTICAL ASTRONOMY. 



It is evident that the equatorial parallax of any object (which is 
that given in the Nautical Almanac), being subtended by the 
Bemi-dianieter of the earth at the equator, is always the greateri, 
and that at the poles the least. The diminution, according to the 
latitude of the place of observation, can be obtained from tables 
constructed for the purpose. The parallax in any latitude is also 
greatest at the horizon, and diminishes as the object approaches 
the zenith, where it vanishes. 

Another correction that must be applied to the observed altitudes 
of the sun or moon is that for their semi-diameters, plus or miniu, 
according as the upper or lower limb has been taken*: this 
quantity is found for each day of the month in the Nautical 
Almanac. 

When observations are made at sea, an allowance must be made 
for the height of the eye above the horizon : this correction, termed 
the, dip, is evidently always ««fi(rart(F«; and in observing with a 
sextant, it is always necessary to ascertain and apply its index 
error, which term is meant to express the deviation of the reading 
of tile instrument from zero, when the direct and reflected images 
of an object are made exactly to coincide, in which case the hori- 
zon and index glasses are parallel. 

The usual method of ascertaining the amount of this error of 
the instrument in astronomical observations, is by measuring the 
diameter of the sun on different sides of the true zero, and is done 
as follows ; — Set the vernier at about half a degree from zero on 
the graduated limb, and perfect the contact of the two limbs with 
the tangent screw +, noting the reading: unclamp the index, and 
set the vernier again to about the same distance on the other side 
of zero, termed the arc of excess (which is divided for a few de- 
grees for this purpose), observing also this reading, when the 
contact has been again perfected ; half the difference will evidently 
be the index error, + when the reading of the arc of excess is 
the greatest, and — when that of the limb : thus, 



* Wlien Beverol obiciyationB ae tatcan, tlie neceuit; for & 
b; obiervtng alumHtelf the upp^r and lower limb. 

+ In nsing the tangent screw, a perceptible difference is found between a proffrea 
retrograde motion— the latter bad better alwaja be avoided. A difference i« tin. 
li porta of the length of tlie screw. 
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Reading on the arc 32' 10" 
On arc of excess 33 20 



2) 1 10 



Index error - 



36 



These deSnitioQB are rendered more evident by reference to 
the figure below, taken from Sir J. Herschel's Treatise on As- 
tronomy, published in the Cabinet CyclopEedia. 

" Let C be the centre of the earth, N C S its axis ; then are N 
and S its poles ,■ E Q its equator ; A B the parallel of latitude of 
the station A on its surface; A P, parallel to S Cn, the direction 
in which an obBerrer at A will see theef^va/eif pole of the heavens; 
and A Z, the prolongation of the terrestrial radius C A, that of his 
lenith ; ]V A E S will be his meridian ; N G S that of some fixed 
station, as Greenwich ; and G E, or the spherical angle G N E, his 
longitude, and EA his latitude. Moreover, if nt be a plane 




touching the sur&ce in A, this will be his sensible horizon ; 
nAs, marked on that plane by its intersection with his meridian, 
nill be his meridian line, and n and s the north and south points 
of his horizon." 

"Again, neglecting the size of the earth, or conceiving him 
stationed at its centre, and referring everything to his rational 
lorieon, let the next figure represent the sphere of the hea- 
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vmti C the spectator; Z bis zenith; and N his nadir; then will 
H A 0, a great circle of the sphere whose poles are Z and N, be 
his celestial horizon ; Vp the elevated and depressed poles of the 
heavens ; H P the altitude of the pole ; H P Z E O hia meridian ; 
ETQ, a great circle perpendicular to P/j, will be the equinoctiali 
and if r represent the equinox, rT will be the right aacension, 
T S the declination, and P S the polar distance of any star or 
object S, referred to the equinoctial by the hour circle PSTp; 
and BSD will be the diurnal circle it will appear to describe 
about the pole. Again, if we refer it to the horizon by the ver- 
tical circle Z S M ; H M will be its azimuth. M S its altitude, and 
Z S its zenith distance. H and O are the north and south, and 
e and u> the east and west points of the horizon, or of the 
heavens. Moreover, if H A, Oo, be small circles, or paralleU of 
declination touching the horizon in its north and south points, HA 
will be the circle of perpetual apparition, between which and 
the elevated pole the stars never set: Oo that of perpetual oc- 
cultation, between which and the depressed pole they never rite. 
In all the zone of the heavens between HA and Oo they rise and 
set ; any one of them, as S, remaining above the horizon in that part 
of its diurnal circle represented by A B a, and below it throughout 
all that represented by A Da." 

From these figures it is evi- 
dent that the altitude of the 
elevated pole is equal to the 
latitude of the spectator's 
geographical station, for the 
angle PAZ in the first, 
which is the co-altitude of the 
pole, is equal to N C A ; C N 
and A P being parallels 
whose vanishing point is the 
pole. But N C A is the co- 
latitude of the place A, 

whence the altitude of the pole must be equal to the latitucP 
The equinoctial intersects the horizon in the east and west 
points, and the meridian in a point whose altitude is equal to the 
fo-latilude of the place. 
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The fiaiural giandards of the measurement of time are the iro^ 
pical year and the solar day, and these are in a manner forced 
npon us by nature, though, from their '^ incommensurability and 
want of perfect uniformity/' they occasion great inconvenience, 
and oblige us, while still retaining them as standards, to have re- 
course to other artificial divisions. In all measures of space the 
subdivisions are aUquot parts ; but a year is no exact number 
of days, or even an integer with an exact fractional part; and 
before the introduction of the new style into England in 1752, an 
error of as much as 11 days had thus crept into the calendar. 
By the present arrangement, every year whose number is not 
divisible by 4 without remainder, consists of 366 days ; every year 
which is so divisible, but is not by 100, consists of 366 days ; every 
year again, which is divisible by 100, but not by 400, consists of 
only 366 days ; and every year divisible by 400, of 366. The pos- 
sibility of error is thus so far guarded against, that it cannot 
amount to one day in the course of 3000 years, which is sufficient 
for all civil reckoning, of which, however, astronomy is perfectly 
independent. 

The three divisions of time for civil and astronomical pur- 
poses are the apparent solar, mean solar, and sidereal day. The 
apparent solar day is the interval between two successive transits 
of the sun over the same meridian ; and from the path of the sun 
' lying in the ecliptic inclined at an angle to the equator upon 
the poles of which the earth revolves, and the earth's orbit not 
being circular, it follows that the length of this day is con- 
stantly varying ; so that, although it is the only solar time which 
can be verified by observation, it is quite unfit for application to 
general use. 

The mean solar day, which is purely a conventional measure of 
time, is derived from the preceding, and is the average of the 
length of all the apparent solar days in the year, as nearly as it 
can be divided; and this is the measure of all civil reckoning. 
Mean time is in fact that which would be shown by the sun if he 
moved in the equator instead of the ecliptic, tvith his mean an- 
gular velocity. 

The difierence on any day between apparent and mean time is 
termed the equation of time, and is given for every day of the 
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the latler is, wherever practicable, to be preferred, as the use of the 
sun always involves corrections for semi-dianieter and parallax ,- 
also in many observations of the san, such as those of equal 
altitudes for time, or for determining the direction of a meridian 
line, or circuiu meridian altitudes for finding the latitude, — still 
further corrections are requisite on account of the change of the 
sun's declination during the period embraced by the observations; 
which corrections are avoided by using a star. 

The bisection of a star is likewise more to be depended upon 
ttian the observed tangent of the sun's limb. At sea, where 
minute accuracy is neither sought, nor to be obtained ; and where 
at night the horizon is generally obscured, and often not to be 
discerned at all, tins advantage is either not material, or not often 
to be taken advantage of; but on shore an artificial horizon is 
always used with reflecting instruments, and upon this the darkness 
of the night has no eBect. 

In all observations of a star, the clock or chronometer, if not 
already so regulated, must be reduced to sidereal time; with the 
sun, on the contrary, the timekeeper must be brought to mean 
»olar time, whether the local or Greenwich time be required. 
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PROBLEM I. 

TO CONVERT SIDEREAL TIME INTO MEAN SOLAR TIME, AND 

THE REVERSE. 

This problem is of constant use wherever the periods of solar 
observations are noted by a clock regulated to sidereal time, or 
those of the stars by a chronometer showing mean time. A simple 
method of solution is given in the " explanation " at the end of 
the Nautical Almanac, which has the advantage of not requiring 
a reference to any other work, and also of all the quantities being 
additive. 

The tiiree tables used in this method are those of equivalents ; 
the transit of the first -point of Aries in the 22nd ; and the sidereal 
time at mean noon, in the 2nd page of estch month. 
To convert sidereal into mean solar time : — 
To the mean time at the preceding sidereal noon, i. e. the 
transit of the first point of Aries, in table 22, add the mean 
interval corresponding to the given sidereal time, taken from the 
table of equivalents. 
To convert mean solar into sidereal time : — 
To the sidereal time at the preceding mean noon, found in table 
2, add the sidereal interval corresponding to the given mean time 
also from the table of equivalents. 

The mean right ascension of the meridian, or the sidereal time 
at mean noon given in the Nautical Almanac, is calculated for the 
meridian of Gh'eenwich, and must, therefore, be corrected for the 
di£Perence of longitudes between that place and the meridian of 
the observer. 

One of Mr. Baily's formulae for the solution of the same pro- 
hlem is — 

M = (S-.iR)-a 
and S = iK + M + A 
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Where M represents the mean solar time at the place of obserra- 
iion, S the corresponding sidereal time, JS. the mean right ascen- 
sion of the meridian at the preceding mean noon, found under the 
head of " sidereal time " in page 2 of each month ; a, the aca- 
teration of the 6xed stars given in Baily's table 6 for the inteirai 
denoted by (S— ^); and A the acceleration shown in bis 7th table 
for the time denoted by M. 

Examplen. 

Convert S"" l"" 10' sidereal time, March 6, 1838, longitude 
2™ 21-5' east, into mean solar time. 

Mean time at preceding sidereal noon Green- ^ ». s. 
wich, (table 22) l' 4 4419 _ 

Correction for Longitude : ^1 

2 21-6orl4V5 2-1507564 J ■ 

••0027306 3-4362422 ( 

S \ -3863 



Table of Equivalents :- 



1 4 44-5763 



7 58 41-3635 



10 







9-9727 ) 



Mean time required ... 9 

Again, to convert Q*' 4" 35'748" mean solar into sidereal timb, 
O right ascension at mean noon Greenwich, 



under head of " Sidereal Time," table 2 . 

Correction for Longitude E : 

141-6 2-1507564 \ 

* -0027379 3-4374176 



22" SS" 6- 



I 



•3874 



1-5881740 



91" 4in 36-748' solar time, equivalent sidereal . 
Sidereal time required 



22 55 4-7926 
9 6 5-2112 



* -0027305 ii the change in 
chaiEB in Ae buq'i mean right 



a in one lecond; and -0027379 is 
id of time, or S'SSOS in one boar. 
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The same examples by Mr. Baily's formula : — 

M = (S-M)-a 



H* Ma B* 

S= 8 1 10 
51 = 22 55 4-79 



A (Table 6, Baily) 



9 6 6-21 
. . - 1 29-46 

M = 9 4 35-75 



Again S = 51 + M + A 



H. M. 



8. 



M = 9 4 35-75 
As above, 51 = 22 55 4-79 



A (Table 7, Baily) 



7 59 40-54 
. = + 1 29-46 

S= 8 1 10-00 



PROBLEM 11. 

TO DETERMINE THE AMOUNT OP THE CORRECTIONS TO BE APPLIED 
TO OBSERVATIONS POR ALTITUDE, ON ACCOUNT OF THE EFPECTS 
OF ATMOSPHERIC REFRACTION, PARALLAX, SEMI-DIAMETER, DIP 
OF THE HORIZON, AND INDEX ERROR. 

The formula given by Bradley for computing the value of at- 
mospheric refraction is r = a. tan (Z — Jr), where Z represents the 
zenith distance of the object, and a and b constants determined by 
observation ; a, the average amount of refraction at an apparent 
zenith distance of 45°, being assumed == 57"; and b = 3"-2. 

The formula of Laplace is 
•99918827 x c tan Z— -001105603 x c tan 'Z, where c? is assumed 

= ec'-ee. 

The tables constructed from these formulae are of course not 
exactly similar, on account of the difference of the constants, 
which are also slightly varied in the tables of Bessel, Groom- 
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bridge, &c. They all suppose a mean temperature, and mean 
pressure of the atmosphere, corrections being in all cases required 
on account of the deviation of the theruioraeter and barometer 
from these assumed standards. These corrections are however 
rendered perfectly simple in operation, by the use of any of the 
numerous tables of refraction; those by Dr. Young being gtren 
in table 4 in this volume. 

The rate of the increase of refraction is evidently, from the 
above formula, nearly as the tangent of the apparent angular 
distance of the object from the zenith in moderate altitudes. In 
very low altitudes (which should always be avoided on this account) 
the refraction increases rapidly and irregularly, beiug at the horizon 
as much as 33' — more than the diameter of the sun or moon. 

The next correction is for parallax, the explanation of which 
term has been given in page 165. The sine of its value in any 
altitude decreases as the cosine of that altitude; but the parallas: 
in altitude may be obtained from the horizontal parallax without 
computation, by the aid of tables. 

The parallax given in any ephemeris is the equatorial, which 
has been shown in page 166 to be always the greatest. The first 
correction, where great accuracy is required, is on account of the 
latitude of the place of observation, but this is seldom necessary 
except in altitudes of the moon. The mean horizontal parallax 
of the sun is assumed ^ 8"'6 ; but as our distance from this 
luminary is always varying in different parts of the earth's orbit, 
this value must be corrected for the period of the year. In table 8, 
the sun's horizontal parallax is given for the first day of every 
month which will facilitate this reduction, the proportional parts 
being found for any intermediate day. In the Nautical Almanac, 
however, this quantity is given more correctly for every tenth 
day. The parallax in altitude, corresponding to this horizontal 
parallax, can also be ascertained by inspection, from the same 
general 

The parallaxes of the planets are given for every fifth day, in 

the Nautical Almanac; but of those likely ever to be found useful 

in observation, Venus and Mars are the only planets to whose 

narallaxes any correction need be applied in observing with small 

nents. The horizontal equatorial paraUax of the moon 
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is to be found for mean noon and midnight of every day in the 
year, in the third page of each month, in the Nautical Almanac. 
The corrections for its reduction for the latitude of the place, and 
the moon's altitude, require, from their magnitude, more care than 
those of any other celestial body ; but in observations at sea the 
former correction is generally neglected, and the latter is much 
facilitated by the use of tables giving the reduction for every KV of 
the moon's altitude *. The example given in this case will explain 
the method of making these corrections. 

The semidiameter f of the sun is given for mean noon on every 
day of the year, in the second page of every month of the Nauti- 
cal Almanac ; that of the moon in the third page of each month 
for both mean noon and midnight ; and those of the planets (which 
are seldom required) in the same table as their parallaxes. The 
correction for semidiameter is obviously to be applied, additive or 
subtractive, wherever the lower or upper Kmb of any object has 
been observed, to obtain the apparent altitude of its centre ; — ^the 
moon's semidiameter increasing with her altitude, from the ob- 
server being brought nearer to her as she approaches his meridian, 
must be corrected for altitude^ which can be done by the aid of 
table 7 %. 

The dip of the horizon is a correction only to be applied at sea, 
and is necessary on account of the height of the eye above the 



Sacf"^^ 




qf the Ocean 



* See Table 8 of Lunar Tables, page 188 of Dr. Pearson's " Astronomy." Riddle's 
Table, page 154, includes the corrections both for ParaMax and Refraction, and is useful 
for "clearing the lunar distance" to be hereafter explained. 

i" All quantities in the Nautical Almanac are calculated for Oreenwich time ; allow- 
Uice must therefore be made, where necessary, for difference of longitude, which is the same 
as difference of time. 

I The augmentation of the moon's semidiameter for every degree of altitude is given in 
Table 7 of Dr. Pearson's ** Lunar Tables." Altitudes taken with an artificial horizon are 
obTionaly double those obsenred above the sensible horizon. 

N 
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In these examples no allowance has been made for the dip of 
the horizon, as the observations were made with an artificial hori- 
zon : with the fixed stars no correction is required for semidiameter 
or pai*allax. 



PROBLEM III. 

TO DETERMINE THE LATITUDE. 



Method I St. — By observations of a circumpolar star at the time 

of its upper and lower culminations. 

This method is independent of the declination of the star ob- 
served : the altitudes are observed with any instrument fixed in the 
plane of the meridian, or (not so accurately, of course) with a 
sextant or other reflecting instrument, at the moments of both the 
upper and lower transits of the star; or a number of altitudes 
may be taken immediately before and after its culminations, and 
reduced to the meridian, as will be explained. In either case, 
let Z denote the observed or reduced meridional zenith distance 
of the star at its lower culmination, and r its refraction at that point; 
also let Z' and r' denote the zenith distance and refraction at its 
upper culmination. Then the correct zenith distance of the pole, 
or the co-latitude of the pkbce, will be = J (Z -f Z') + J (r + f')- 

According to Baily, a difference of about half a second may 
result from using different tables of refraction. 

Method 2nd, — By means of the meridional zenith distance [or 
co-altitude) of the sun, or a star whose declination is knotvn. 

The altitude of the sun or star being determined at the moment 
of its superior transit, as before explained, and corrected for refrac- 
tion, and also for parallax and semidiameter when necessary, the 
latitude required will be — 

Z -I- D, if the observation is to the south of the zenith. 

D — Z, if to the north above the pole. 

180— (Z + D) to the north below the pole. 

Z being put to denote the meridional zenith distance, and D the 
declination (-^when south). 
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This is evident from the figure below, ES, ES', and QS" being 
the respective declinations of the objects S, S', and S"; and 
PO or ZE the latitude of the 
place of observation, which is 
equal to (ZS + ES) in the 
case of the star being to the 
south of the zenith Z; or 
ES' — ZS', when to the 
north above the pole P; and 
to 180 - (QS" + Z S'O when 
to the north below the pole. 

Perhaps the rule given by Professor Young for the two first 
cases is more simply expressed thus: — Call the zenith distance 
north or south, according as the zenith is north or south of the 
object. If it is of the same name with the declination, their sum 
will be the latitude; if of different names, their difference; the 
latitude being of the same name as the greater. 

EXAMPLE I. 

On April 26, 1838, longitude 2°^ 30» east, the meridional 
double altitude of the sun's upper limb was observed with a sex- 
tant 104° 3' 67"; index error V 62"; thermometer 56°; baro- 
meter 29*04. Required the latitude of the place of observation. 



// 



Observed double altitude 
Index error 



104 3 
- 1 



57 
52 



Semidiameter .... 

Apparent Altitude .... 
Correction for refraction and parallax 



True altitude 



Zenith distance 
Declination North . 

Latitude North 



2)104 


2 6 


62 



1 2-5 
16 64-4 


61 



46 8-1 
38-6 


61 
90 


44 29-6 



38 
13 


15 30-4 
8 7-3 


51 


23 37-7 
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Rrfratiion aiui ParaUax. 



ft 



fil® 47-10 

46' . - 1-28 

46-87 
Barometer — 1*52 

44*85 
Thermometer — 0*66 

Corrected refractioii — 43-79 

Parallax + 5*29 

- 88-5 

Ikdinaiitm, 

Apparent noon at Qreenwich 18 8 9*30 

Change lor 2» 30* longitud* — 204 

18 8 7*26 



EXAMPLE II. 

On March 31, 1838, at ff^ 12~ 57» by chronometer, the men- 
dian altitude of the moon's upper limb was observed 67'' T b"\ the 
index error of instrument being — 1' 0" ; barometer 30* 1 inc. ; ther- 
mometer 5P; the approximate north latitude was estimated 52*^, 
and longitude 2°^ 21' 6" E. Required the latitude*. 

Apparent altitude l> 67 1 5 

Index error — 1 

67 50 
Semidiameter — 15 37-5 



Apparent altitude 66 44 27*5 

Refraction — 250 

66 44 2-5 
Parallax + 22 15o 



Corrected altitude 67 6 18 



'^ The nuraber of corrections required, and the neceesary dependence upon Lmar tables, 
render an altitude of the moon less calculated for determining the latitnde than one eithor of 
the sun or a star. 
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// 



Corrected altitude 

Zenith distance 
Declination 

Latitude required . 



67 6 18 
90 

22 63 42 
+ 28 29 64-67 

51 23 36-67 



Semidtameter. 



Horizontal, noon 
Do. midnight 



Difference in 12 honrs .... 
Proportion for 5^ 12'" 57*, and 2«» 21-5' long* 

Horizontal semidiameter at time of obseryation 
Augmentation for altitude .... 

Corrected semidiameter .... 



// 



15 26*2 
15 19-3 




6-9 
30 




15 
+ 


23-2 
14-3 


15 


37-5 



66° = 
44'-5 = 



Barometer 
Thermometer 



Refiraction 



Rtftxtctum, 



II 



25*9 
0-9 



250 
+ -09 
- 06 

2503 



Parallax, 



Horizontal equatorial parallax, noon 

Midnight 



Difference in 12 hours . . 

Corrected for 5»» 12™ 67', and 2'» 21'-5 E. longitude 

Correction for latitude (see 4th Lunar Table, Pearson) 



Horizontal parallax ... 

Log. sin semidiameter 56' 20'''8 
Log. cos altitude . 66° 44' 2"-5 

Parallax in altitude . 22' 15"-5 

Or by use of Table 8, Dr. Pearson . 



8-2146006 
9-5966081 1 

7-8112087 



// 



56 38-9 
56 18-6 






25-3 


56 


27-9 





7-1 


56 


20-8 



22 15-1 
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Dedinatitm, 

Time of obtenratioii 5 12 5i 

LoDgitode (in time) 2 21*5 

Comtponding Qreenwich mean time 5 10 35*5 

At6»» H 28 2d 87-7 

i(r-5 4-00 i6ir: 

28 89 M-er 



An observer not furnished with a miural circle, or other instra- 
ment fixed in the plane of the meridian with which to measure 
meridional altitudes, can obtain his latitade more correctly than 
by observing a single approximate meridional altitude with a sex- 
tant or other reflecting instrument, by taking a number of alttlodes 
of the sun or a star near to, or on each side of the meridian, and 
from thence determining the correct altitude of the object at the 
time of its culmination. 

This method, termed that of ** circum-meridian altitudes," to the 
mean of which altitudes is to be applied a correction fcx* its ^ re- 
duciion to the meridian" is susceptible of great accuracy; and 
the repeating circle, already described, is peculiarfy adapted 
for these observations, on account of the rapidity with which 
they can be taken. The distance of the son or star from the 
meridian (in time) is noted at the moment of each observation, 
by a chronometer when the former is the object, and by a adereal 
clock (if there is one) when the latter, to save the conversion of 
one denomination of time into the other. The formula givai by 
Mr. Baily, freed from the second part of the equatioa which it is 
seldom necessary to notice, is — 

A COB L. cog D 1 
X — r— = — where 

am Z 

X represents the required correction in seconds. 
L, the latitude (known approximately). 
D, the declination (minus when south). 

Z, the meridionail zenith distance, also known approximately 
from the above. 

A, a quantity depending upon the horizontal angle of the object, 
I givea in the 13th table, page 240, under the head of '^ Reduc- 
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2 sin* i P 

tion to the meridian, ' being =: ^^„ where P =: the horary 

angle at the pole, as shown by a well-regulated clock ; which angle 
imll change its sign after the meridional passage of the star. 

Among the instructions drawn up by Mr. Airy for the guidance 
of the officers employed upon the survey of the North Ameri- 
can Boundary, this method of determining the latitude with the 
altitude and azimuth instrument is recommended, and was con- 
stantly practised with stars near the meridian. The axis of the 
instrument is to be adjusted nearly vertical, and the cross axis 
nearly horizontal (great accuracy is not required), the telescope 
made to bisect the star upon its middle horizontal wire, and the 
time noted. Then read the large divisions with the pointer, and the 
two microscopes A and B; read also the level right hand and 
left hand. 

Turn the instrument 180® in azimuth, and repeat these observa- 
tions — revert to the first position, and continue this process as 
often as may be thought necessary — note the barometer and ther- 
mometer — then add together 

Reading of A. 

Reading of B. 

And equivalent for left-hand level. 

Subtract equivalent for right-hand level. 

Divide the remainder by 2, and apply the pointer reading of A 
for the uncorrected circle reading for the first observation. 

The same process is repeated for the second and all the other 
observations. 

For each observation correct the chronometer time for rate and 
error, and convert this into (if not already showing) sidereal time; 
take the difference between the sidereal time and the star's right 
ascension for the starts hoiir angle, which reduce to seconds of 
time and call p. 

Then compute for each observation the number 

( 225 . 1 ^ A COS Lat. X cos Star's Declination 2 
— sm 1 jX ^ g^.^ Zenith Distance ^^ ' 

which is the correction in seconds of arc to the observed zenith 
distance to bring it to the true meridian zenith distance, and is 
always subtractive, except the star is below the pole. In applying 
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this correction however, to the circle readings, it will be additi-v^e, 
or subtractive, according as, by the construction of the circle, in- 
creasing readings represent increasing or decreasing zenith dis- 
tances. 

Half the difference of two corrected readings in opposite posi- 
tions of the instmment is the star's apparent zenith distance on the 
meridian ; or the mean of all the observations in one position may 
be compared with the mean of all those in the other, and half their 
sum is the zenith point. 

To this zenith distance add the correction for refraction, taking 
into consideration the readings of the thermometer and barometer, 
and apply the starts declination for the day (from the Nautical 
Almanac) for the latitude. 

The above instructions* apply only to stars observed near the 
meridian. The latitude can however, be obtained by similar ob- 
servations of stars situated very far from the meridian, though this 
method would very seldom be resorted to. 

When the sun is the object observed, a further correction must 
be made on account of the change in declination during the time 
occupied by the observation, which is expressed by 

, E-W 

— S X 

n 

S being the change of declination in one minute of time, minus 
when decreasing. 

' E the sum of the horary angles observed to the east, expressed 
in minutes of time, and considered as integers. 

W their sum to the west, and 

n the number of these observations. 

When a star is the object observed, and the time is noted by a 
chronometer, regulated to mean time, the value of A must be 
multiplied by 1 '0054762. Also, if the clock does not keep its rate 
either of sidereal or mean time accurately, a further correction 
is imperative; and A must be multiplied by 1 + '0002315 r, 
where r denotes the daily rate of the clock in seconds, minus 
when gaming, and plus when losing. 

* See " Corps Papers/* vol. iii. page 328, where will also be found examples worked out 
detail, of latitudes thus obtained on the survey of the North American Boundary. 
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EXAMPLE. 

On March 8, 1837, the following observations were taken, 
with a sextant, the chronometer being fast 9™ 16»; index error of 
sextant, — 1' 20" ; barometer, 29*64 ; thermometer, 50°. 



lo 

2 Q 
4 O 



H. 

12 



M. S. 

9 48 



// 



10 53 

12 9"! 
13 15 J 



5 o 14 46 1 

6 O 15 64 J 

7 o 19 32 

8 O 21 3 

9 o 22 25 

10 O 23 65 

11 O 24 63 

12 O 26 64 

13 o 27 57 

14 O 29 32 



} 
} 



Index error . 



Mean apparent altitude . 
Refraction and parallax . 

True mean altitude 

Zenith distance 

Apparent noon 
Equation of time . 

Mean time at apparent noon . 
Error of chronometer . 



68 


3 


66 61 20 


68 


5 


67 


25 


68 


6 10 


67 


1 60 


68. 


7 30 


67 


2 10 


68 


7 20 


67 


1 6 


68 


7 10 


67 


40 


68 


6 40 





. 66 


58 






Sum of altitudes 946 37 20 


14) 

... 


O / IT 

946 37 20 

67 32 40 
— 1 20 


2) 

• • • 

• • • 

• • • 


67 31 20 

33 45 40 
1 186 

33 44 21-5 
90 


. • • 


56 16 38-6 


• • • 

. + 


12 
11 



1-32 


• • • 

. + 


12 11 
9 


1-32 
16 


parent noon 


12 20 


17 •3-2 
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ObtoT. 




Yalw «( A, tible IS. 




H. s. 




1 


10 29-3 E. 


2161 


2 


9 24-3 


173-8 


3 


8 •8-3 


130-2 


4 


7 2-3 


97-3 


5 


6 31-3 


69-9 


6 


4 23-3 


37-9 


7 


46-3 


1-2 


8 


46-7 W. 


1-2 


9 


2 37-7 


13-6 


10 


3 37-7 


26-9 


11 


4 36-7 


41-3 


12 


6 6-7 


73-4 


13 


7 39-7 


115-2 


14 


9 14-7 


167-8 


7) 1154-7 






2) 164-95 


Mea 


D value of A = 


82-6 



Approximate zenith distance . . . 56° 16" 
Declination — 4 50 

Approximate latitude 51 25 

Co8L= 9-7949425 

Co8D= 9-9984466 

Ar. comp. sin Z = 00800783 

Log A, 82-5= 1-9164539 

(a?)-61"-6= 1-7899212 

m. 

rEa8t= 45-7 

Angles |^^^_ 34.6 

14) 11-1 

-8 

S = - -97 

•8 

— -776 Correction fpr change of sun's declination. 

______ ) 
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// 



Mean observed zenith distance 
Correction a? . . . . 
Ditto for declination 

Correct meridian zenith distance 
Declination south . 



Latitude 



66 15 38-5 

— 1 1-6 

— 0-7 

56 14 36-2 
. 4 60 34-9 

51 24 1-3 




Method 3rrf. — By the altitude of the pole star, at any time of 

the day *. 

If the altitude of the pole star can be taken when on the meri- 
dian, its polar distance, either added to, or subtracted from, the 
altitude, gives at once the latitude; and when observed out of 
the meridian, as at the point S or S' in the figure, the latitude can 
be easily obtained, as follows : — 

Let Z P O represent the meridian, Z the zenith, 
P the pole, and aSa' the circle described by the 
polar star S, at its polar distance P S. The star's 
horary angle Z P S, or Z P S', is evidently the 
difference between its right ascension and the 
sidereal time of observation ; and in the spherical 
triangle Z P S (or Z P S') we have Z S, P S, and the angle Z P S, 
to find ZP, the co-latitude. The result may be obtained with 
almost equal accuracy by considering PSc as a plain right-angled 
triangle, of which Pc is the cosine of the angle cPS to radius PS; 
the distance Pc thus found is to be added to, or subtracted from, 
the altitude HS, according as the star is above or below the pole, 
which is thus ascertained : — If the angle ZPS' be less than 6, or 
more than 18 hours, the star is above the pole, as at S'; if between 
6 and 18 hours, it is below the pole, as at S. 

By the tables given in the Nautical Almanac, the solution is 
even more easy, and has the advantage of not requiring any other 
reference. The rule is as follows : — 

1st. From the corrected altitude subtract 1'. 

* This of course is only applicable to northern latitudes. In the southern hemisphere 
there is no star sufficiently near to the south pole to be made available in thus determining 
the latitude. 
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2nd. Reduce the mean time of observation at the place to the 
corresponding sidereal time. 

3rd. With this sidereal time take out the first correction from 
Table I., with its 'proper sigtif to be applied to the altitude 
for an approximate latitude, 

• 

4th. With this approximate latitude and sidereal time take out 
from Table II. the second correction; and with the day of 
the month and the same sidereal time take from Table III. 
the third correction. These are to be always added to the 
approximate latitude for the latitude of the place. 

EXAMPLE. 

On Oct. 26, 1838, the double altitude of Polaris, observed 
with a repeating circle, at 1 1^ 65™ 30» mean time, was 105° 44' 63", 
the barometer standing at 29*8 ; thermometer, 60°. Required the 
latitude of the place of observation. 

By the method given in the Nautical Almanac, — 

Mean time 11 66 30 

Corresponding sidereal time .... 2 16 6'78 

O / // 

Observed altitude 2) 106 44 63 

62 62 26-6 
Refraction — 44 



Corrected altitude 62 61 42*5 

Subtract 10 

62 60 42-5 
Correction 1st for sidereal time . . . — 1 28 21 '7 



61 22 20-8 
Correction 2nd + 9*6 



61 22 30-4 
Correction 3rd +01 10*6 



Latitude required 61 23 40*9 
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The same example by spherical trigonometry : — ' 

O / // 

Corrected altitude 52 61 42*5 



Zenith distance 37 8 17-5 ZS 



Declination 
N. P. distance 



88 27 7-6 



1 32 52-4 PS 



Sidereal time 
R. A. Polaris 



Hour angle past meridian . 
Equal in space to . . . 

Then in the triangle Z P S, we have — 

ZS= 

PS= ..... 
Angle P = .... 

To find Z P, the co-latitude. 

The solution of which triangle gives — 



// 



h. m. 8. 

2 15 6-78 
1 2 12-94 

1 12 53-84 

18° 13' 27" 



O I II 

37 8 17-5 

1 32 52-4 

18 13 27- 




Z P = . . . . 38 36 21 

And latitude . . . 51 23 39 

By considering S P c as a plane right- 
angled triangle^ in which P c, the correc- 
tion to be subtracted, is the cosine of P to 
radius P S, the latitude is found by plane 
trigonometry within a few seconds of the above results. 

Method 4th. — By an altitude of the sutiy or of a star, out of the 
meridian, the correct time of observation being known. 

By reference to the figure, it will be 
seen that this method simply involves the 
solution of the spherical triangle ZPS 
already alluded to, formed by the zenith, 
the pole, and the object at the time of ob- 
servation; of which Z S, the zenith dis- S 
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tance, P S, the polar distance, and the angle at P are known, and 
Z P, the co-latitude, is the quantity sought. 

The formula given by Baily, for finding the third side, when 
the other two sides and an angle opposite to one of them are 
given, is 

tan a! = cos given angle x tan adjacent side 
// _ cos a' X cos side opp. given angle 
"" cos side adjacent given angle, 
and ^ = (a' ± a!'\ which formula is used in the following 
examples : — 

EXAMPLE I. 

On May 4, 1838, the observed altitude of the sun^s upper limb 
at 6h. 47m. 15s. by chronometer was 14° 44' 68". The index 
error of sextant being 28", and the watch 3m. 34s"4 too fast. 
Barometer 29*9; thermometer 61 ; required the latitude. 

Apparent altitude O 14 44 58 

Index error — 28 



14 44 30 
Semidiameter — 15 52-2 



Apparent altitude © 14 28 37*8 

Refraction and parallax — 3 28*1 



Altitude 14 25 9-7 

90 
Zenith distance (ZS) 75 34 50*3 



Declination 15 69 14 

90 



North Polar distance (PS) . . . . 74 46 



Mean time of observation .... 5 43 40*6 

Equation of time +3 24*46 

Apparent time 5 47 6*06 
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// 



In space 

Angle P 

CosP 
Tan PS . 

Tana' 

Cos a! 
Cos ZS . 
Ar. comp. P. 

Cos a" = . 

a' 

d' 

PZ=: 



Latitude required 




// 



86 46 16-9 
74 46 

11 7 17 

11 7 17 
76 34 60-3 
74 46 





27 28 68-6 


+ 


11 7 17 
27 28 68-6 




38 36 16-6 
90 




61 


23 44-4 



75 
11 46 
1 16-9 

86 46 15-9 

8-7506671 
0.5428692 

9-2935363 

9.9917668 
9-3962296 
0-5599998 

9-9479962 



When the sun is the object observed, the hour angle P (as in the 
last example) is the apparent time from apparent noon at the place 
of observation^ converted into space; but with a star, it is its dis- 
tance from the meridian^ either to the east or west^ according as it 
has or has not come to its culmination ; and this angle is simply 
the sum or difference of the starts right ascen^on, and the time of 
the observation converted into sidereal time; to be muitipUed by 15 
for its conversion into space. 

Method 5th. — By two observed altitudes of the sun, or a star^ 
and the interval of time between the observations. 

This problem is of importance, as its solution, though long, does 
not involve a knowledge^the correct time at the place of observa- 
tion ; and the short interval of time can always be measured with 
sufficient accuracy by any tolerable watch. Various methods have 
been devised to shorten the calculation of ** double altitudes '' by 
tables formed for the purpose, one of which may be found at page 

o 



Method 2nd. — From equal altitudes of a star or the »un, and 
the interval of time between the observations. 

If a star is the object observed, it is evident that half the inter- 
val of time elapsed between its returning to any observed altitude, 
after ita culmination, will give the moment of its passing the meri- 
dian without any correction, from whence the error of the clock or 
chronometer is at once found. But with regard to the sun, there 
b a correction to be applied to this half interval, on account of his 
constant change of dechnation. From midwinter to midsumtoer 
the sun gradually approaches the North Pole, and therefore a 
longer period will intervene aftei; than before noon, — between the 
sun's descent to the same altitude in the evening as at the momiog 
observation : and the reverse takes place from midsummer to mid- 
winter. The amount of this correction depends partly upon the 
change of declination, proportioned to the interval of time on the 
day of observation ; and partly upon the latitude of the place.— 
The difference of the sun's horary angles at the morning and 
af^rnoon observations is easily calculated by the following formula 
of Mr. Baily's:— 
Jr = T A ? tan L + B J tan D, where 

T = the interval of time expressed in hours; 

L, the latitude of the place, minus when south ; 

D, the declination at noon, also minus when south ,- 

J, the double daily variation in declination in seconds, deduced 
from the noon of the preceding day to that of the following, ohmm 
when the sun is proceeding to the south ; and 

X = the required correction in seconds, A * being minus Trfie" 
the time of noon is required. 

The result is of course apparent noon, to which must be apjM 
the equation of time, in order to compare a chronometer with 
mean noon. 

If the rate only of a chronometer is required, it can be obtained 
by observing the transits of a star on successive days, or by equal 
attitudes of the same star, on the same side of the meridian, oa 
•lifieient evenings; as a star attains the same altitude afler eaii 
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heal sidereal time is determined, from which the mean time can 
be deduced. 

The latitude may likewise be ascertained, independently of the 
graduation of the instrument, by placing the axis of the tele- 
scope of an altitude and azimuth circle * due north and south, so 
fliat the vertical circle shall stand east and west. The observ- 
ations of the two moments T and T (in sidereal time), in which the 
star passies the wire of the telescope, wiU give the latitude from the 
following formula. 

Cot L = cot declination x cos J (T— T) 
If a chronometer set to mean time is used, the interval (T — T') 
must be multiplied by 1 •0027379, or the value corresponding to 
the interval, found in the table for converting mean into sidereal 
tkone, must be added f . 

The accuracy of this method depends upon the correctness of 
flie tabulated declination of the star, but a slight error in this will 
not affect the difference of latitudehetweentwo places, thus found. 
By observing on following days with the axis reversed, and taking 
the mean of the observations, any error in the instrument is cor- 
rected ; this method is particularly recommended by Mr. Baily for 
adoption in geodesical operations, as the difference of latitude of 
two stations is obtained almost independently of the declination 
of the star, and the only material precaution to be taken is in 
levdlmg ilie axis of the telescope, which should be one of very 
good quality. 



PROBLEM IV. 

TO FIND THE TIME. 

Method 1st. — From single, or absolute j altitudes of the sun, or a 
star whose declination is knoum, as also the latitude of the place. 

This problem is solved by finding the -value of the horary angle 
P, in the same " astronomical triangle " Z P S, whose elements have 

* A portable transit placed in ^e. plane of the prime vertical, instead of that of the 
"N^'*", of course affords t|i^ s^qie ^uaUty for thus determining the latitude. The stats 
selected should have their iedinations less than the latitude of the place, but by as soudl a 
quantity as possible. 

f TaUe 7. BaHy's Astroaoaaeal TMd» and FormnlsB. 

o 2 
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which reliance is placed upon the pocket chronometers is diminished 
one*haIf, and very little dependence is made to rest upon the 
steadiness of performance of the box chronometer at the central 
place of observation. 

This method of obtaining the difference of longitudes of two 
distant places would^ it is imagined, seldom be resorted to where 
the distance was very greats and where an intermediate station 
was found necessary. On the North American Boundary Survey, 
the second method was never tried, but the first and more simple 
process of direct transmission and comparison between the two 
stations was constantiy practised with great success. One example 
has been selected from Major Robinson's report, calculated ac- 
cording to the directions drawn up by Mr. Airy, each of the 
three comparisons recorded being the mean of six observations. 
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to such if observed with a chronometer regulated to mean tim6. 
When, instead of the two or three chronometers generally taken on 
board every ship, a numbef* of these instruments, whose rates and 
errors have been previously carefully ascertained, are conveyed from 
one meridian to another, the comparison of the mean of the 
times shown by the chronometers with the local time at each 
place, affords the means of determining with considerable accuracy 
the difference of their longitudes ; this mode is much practised at 
present on board surveying vessels *, for measuring the respective 
meridian distances between a number of maritime towns, ports, 
and other places on the sea-coast of distant countries. On shore 
the difference of longitude between two stations can also be deter- 
mined with precision by the transmission of pocket chronometers 
between them ; provided the errors of the box chronometers or 
clocks at these stations on sidereal time, and their rates, have been 
carefully ascertained by transit observations. Where the distance 
is not very considerable, the operation consists simply in com- 
paring several pocket chronometers with the standard instrument 
at one of the stations, and then sending them f with the greatest 
care to be compared with the clock or chronometer at the other 
station, to be returned immediately for another comparison at the 
starting point; which process of transmission should be repeated 
several times. 

When the time occupied by this operation is considerable, more 
than four or five days for instance, the accuracy of the result will 
be increased by stationing a careful assistant at a post midway 
between the two extreme stations with a box chronometer, with 
which the transmitted pocket chronometers are to be compared. 
Mr. Airy recommends commencing from this central position, 
sending the pocket chronomei^s (divided into two batches) simul- 
taneously for comparison to the two principal extreme stations, 
and comparing them again on their return, at nearly the same time, 
at the intermediate point ; by which modification, the time through 

* On board H. M. S. Beagle, employed aa a suryeying Teasel principally on the coasts of 
Anttralia and Van Diemen's Land, there were at one time as many as twenty-one first-rate 
chronometers. 

f This should be done directly after the error of the standard chronometer has been 
tested by observations with the transit insteument. 
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which rfliiii.' ■ > : .rsona an rsnenirr a- 

onf.-hiilt, ;ii:'l \.rv littl.. .._.aa .lana :f one instmnat 

ht**Ji'liii— 't |i.:i .1!.::. _,jj^ ^^ch as the commena- 

jilac.f* '.t . •- ;\a-. ^ -rconds, when he sivef te 

ll-i- iij.Tii..ii . I • ^ attention has beenmsBt 

(li-tuiit |.hu.^\\. . .. :' the other chrouomeE 

the <li<r:.!i<. w:.^ n .■ _ . mparison, his only pkis 

was lljiiii'l IK ce -^:i. . ^^ — nutes and hour of oueii- 

thes.cf.nd jii.i: ^ .^^^ \^ 2, 3, &c., froin is 

prriciy-i fldu..; . ^ writing down the cnt 

stations \\:i^ < .. , :e w the other chronomrar. 

has hirii >ri.i: _ ,^ observes its second Lta: 

ronliii- t'. til. ..-.-. ads, when he stops ; nxii; 

tlin'«! roiiij,aii> mtcd, and then the seciiii 

. ::ir:nometer; the numb»cr :i 
>-i ~z: diis for the comparlsiz 

. _ueAn solar time is to be c^m- 

.T. :r with a sidereal clock, the 

.^ci-ver is by the coincidence of 

. . .; jy Mr. Airy. 

-on solar time has a half-second 

■lie clock a second's beat, thev 

m 

-,.-jcrid to beat (after some little 
'-..en one that appears perfectly 

'he beats 1, 2, 3, &c., of the 

.:-d)^ down at the same time the 
- ^lar one ; then turn vour eve 

' mm 

V r other chronometer, continuing 

> It some conspicuous place, and 

c number of seconds you have 

. .lock face at which you stopped; 

'hen the comparison will stand 

■ .>c chronometer = time obsen*ed 

may be), minus the number of 

^«ter and the sidereal have both 
. /3t same, counting every alternate 
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beat of the sidereal instrument. With a chronometer going mean 
solar time, and having a beat of five times in two seconds (a very 
common one, particularly in pocket chronometers), the beats will 
only coincide with the divisions upon the dial every alternate 
tecandy each beat being equivalent to 0**4 ; the process of com- 
parison is, however, much the same as that already detailed, but it 
will be facilitated by marking distinctly with ink upon the face of 
the chronometer every other second, unless this has been originally 
so divided as to render the precaution unnecessary. 

The following example shows the method of deducing the error 
of a chronometer going mean solar time, by comparison with a 
sidereal clock whose rate and error are known by transit ob- 
servations. 

B. B. Obsermtory, Jan. 2i, 1849. 

Clock's error 44»*41 slow. 

Rate 0-43 losing. 

20 1 1 46'90 Sidereal time. Greenwich mean noon. 
0*35 Correction for longitude 2°» 9» east 

20 1 1 46*66 Sidereal time at mean noon at place of observation. 
17 13 Clock at time of comparison. 

2 68 46-65 



1 69 40-34 

67 60-49 ^ ^ 

46*87 ( J^^^^^^^l^^te '^ mean solar time for above difference. 

0-64 



2 68 17*24 Mean interval from noon by clock. 
12 



9 1 42*76 Mean time a.m. by clock. 
9 6 Time by chronometer. 



1 37*76 Chronometer slow (relatively). 
44*41 Clock slow. 



2 22-17 Error of chronometer, slow. 



The eclipses of Jupiter's satellites are phenomena of very frequent 
occurrence, the precise instants of which can be calculated with 



SOS PBOBLBXS. 

certainty for Greenwich time * ; but n telescope magnitying at 
least forty times is required for their observatioii ; and those of 
diSerent powers are found to give such difierent results as to the 
moment of immersion or emersion, that the method is not suft- 
ceptible of the accuracy it would appear to promise, and is mony 
over almost impracticable at sea. In determinins: the longitude li^ 
this method, the local time must be found by ob^rvations of one 
or more fixed stars, unless it is known from a chronometer whose 
error and rate has been previously ascertained. 

Tbe eclipses of the sun and moon also enable us to determine 
the longitude ; tbe former with considerable accuracy ; but their 
rare occurrence renders them of little or no practical benefit, and 
the results obtained by the eclipses of the moon are generally un- 
satisfactory, owing to the indistinct outline of the shadow of the 
earth's border. 

The three methods upon which the most dependence can be 
placed, are — 1st, by a "lunar observation" which, as before 
stated, possesses the great advantage of being easily taken at sea ; 
2ndty, by the meridional transits of the moon, compared with 
those of certain stars previously agreed on, which are given in the 
Nautical Almanac under the head of " Moon Culminating Stars ;" 
and 3rd!y, by occuUations of the Jixed stars bij the moon. — ^The 
two latter methods are the most accurate of any, but the first 
of them requires the use of a transit instrument, and the latter a 
good telescope ; both involve also long and intricate calculations, 
which will be found fully detailed in the works of Dr. Pearson, 
and in chapter 37 of Woodhouse's Astronomy. The methods 
given in the following pages considerably shorten the labour of 
the more accurate computations, and are the same as those in Mr. 
Riddle's " Navigation." 

* The tine ocmpied by light in travelling bom the bud 10 the eartli is also auerlaiiwd 
bj means of iha eclipses of Jnpit«r's satellitei. 

The difereaei of diitance the light hai to travel from Jnpiter to the nuth, on the oco- 
sion of an eclipie of one of the ralellites, happening when lh(? an in opporitiiyn. or in 
eonjHndion, is evidently the major aiia of the earth's orbit. This difference has been 
■Kertuned to be 16°* 26''4, which give* S" I3''!i for Iha time occupied b; light in pauing 

The dtiCance of the ann from Ihe earth was determined by means of the tianBil of Venui 




Method ]st. — By a Lunar Observation. 

The observations for this method of ascertaining the longitude 
any place can be taken by one individual ; but aa there are 
\ree elements required as data, which, if not obtained simul- 
leously, must be reduced to what they would have been if taken 
the same moment of time, it is better, if possible, to have that 
imber of observers. 

The lunar distance, which is of the first importance, is measured 

bringing the enlightened edge of the moon and the star, or the 

,ge of the moon and either limb of the sun, in perfect contact. 

le other observations required are, the altitudes of the moon, 

id that of the other object, whether it he the sun, a fixed star, or 

planet*; and as these are only taken for the purpose of correcting 

angular distance, by clearing it from the effects of parallax and 

Taction, they do not require the same accuracy, or an equal 

igree of dexterity in observing. When the observations are made 

maecutively by one person, the two altitudes are first taken 

loticing of course the times) ; then the lunar distance repeated any 

iber of times, from whence a mean of the times and distance is 

iuced ; and afterwards the altitudes again in reverse order, which 

itudes are to be reduced to the same time as that of the mean of 

ihe lunar distances. 

It being of great moment to simplify and render easy the solu- 
tion of this problem, which is of the most vital importance at sea, 
a number of celebrated practical astionomers have turned their 
attention to the subject, and tables for " clearing the lunar dis- 
tance " are to be found in all works on Nautical Astronomy, by the 
use of which the operation is undoubtedly very much shortenedf ; 
but as none of these methods show the steps by which this object 
is attained, the example given below is worked out by spherical 
trigonometry, and the process will be rendered perfectly easy and 
intelligible by the following description : — 

id, can be calculated when tlie latitude u koown ; fay 
are obtuned. 



' ThcH allitadei, if 
vluch method more occi 

+ Dr. PeanDO e 
tmaX meChndi of bcilimting the 




:3B than Iweatyfov,! 
Clearing tfae Lunaj Diitaoce," 



nera who have publiihed dif- 



210 PROBLBM8. 



// 



(a) MS = 31 11 1-2 

(i) ZS = 61 44 38- ar. comp. sin 0-0661028 

(c) Z M = 62 63 47-3 ar. comp. sin 00982439 

S = 146 49 26-6 



i^ S = 72 64 43-26 
(i S-i) = 11 10 6-26 sin. 9-2871039 
(J S-c) = 20 66-96 sin. 9-6343760 

2) 18-9748266 



17 63 26 - 9-4874128 

2 



Angle M Z S 36 46 60 
Then to correct the zenith distances for refraction and parallax ; 

of// 

1> Apparent zenith distance Z M = . . 62 63 47*3 
Refraction 



Parallax 

Z M', Corrected zenith distance 

Z S, Spica Virginis apparent zenith distance 
Refraction 



Z S', Corrected zenith distance 



+ 


1 


141 


52 56 
43 


1-4 
7-4 


62 


11 


64- 


61 

+ 


44 38 
1 46 


61 


46 23 



to find M' S' the corrected lunar distance. 



Then in the triangle Z M'S', we have 

ZM' = 62 11 64' 
ZS' = 61 46 23 
andangleZ = 36 46 60 

Formula, tan a' = cos Z x tan Z M' 

a" = ZS'~a' 

cos M' S' = cosine Z M' x 

cos a 
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Altitude Spica Virginis 28® 15' 60" — ^with alt. and az. inst. ; 
ndex error — 28". 

Distance d — :|c 31° 26' 66" — with repeating circle. 
Barometer standing at 29"'9, and thermometer at 6P. 

Double altitude— 74 42 36 

Index error sextant 22 

2) 74 42 13 

37 21 6-6 
Semidiameter 14 63-8 

Apparent altitude d 37 6 12*7 

90 

ZM, Apparent zenith distance . . . 62 63 47*3 

Altitude Spica Virginis 28 15 60 

Index error 28 

Apparent altitude 28 16 22 

90 

Z Sy Apparent zenith distance . . . . 61 44 38 

Observed distance * — ]> . . . . 31 25 65 

Moon's semidiam.— 10*^ 7°»— 14' 46"-3n 

Augmentation for 37° 6' . 8- 49 J • ^^ ^^'^ 

M S^ Apparent lunar distance . . . 31 11 1*2 

Ist — ^Then in the triangle Z M S we have the three sides to find 
the angle M Z S. 

.2 
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H the apparent 1 

1 »T/ 1 . r altitude of the moon, 
and H' tJie true J 

, '^^ [ altitudes of sun or star, 

a' true J 

and A the apparent distance. 

Make0 = iKa + H + A) 

{(cos e cos ^ - A)^^^^^J() }i 



cos H cos h 



sm a = 



cos i (H' + AO 
then sin J ^ = cos ^ (IF + h) cos a. 

The following example will also show the method of working out 
a lunar observation, by Dr. Young's formula, all the terms of 
which are cosines: — 



Given apparent altitude S K = 

dmh = 

© j> MS = 
True altitude S'K 

j> M'H 



// 



7 48 1 

36 45 4 

95 50 53 

7 41 31 

36 27 54 



SZ = 
MZ 

S'Z 
MZ 



Required M'S' the trae distance. 



82 


11 


69 


54 


14 


66 


82 


18 


29 


63 


32 


6 



By Dr. Young's formula, 

Cos MS' - P ^' t (MH -f SK -f MS) CO! i <MH +8K - MS) coi M^H co> S^K 1 
- COB (M'H + S'K). 

M S = 96 50 63 

M H = 35 46 4 an comp. cos 0-090678 
SK = 7 48 1 ar. comp. cos 0004037 

139 23 68 
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2) 139 23 68 






^ Sum 69 41 59 


cos 


9-540264 


J(MH+SK-MS)26 8 64 


COS 


9-963110 


M'H 36 27 64 


COS 


9-906376 


S'K 7 41 31 


COS 


9-996074 
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Log 2 



9-489528 
0-301030 



9-790560 
nat. cosine = 0-617387 



36 27 54 
7 41 31 



M'H + S'K = 44 9 25 nat. cosine 



0-717434 
0-100047 



nat. cos M'S' 95° 44' 31" . 
the true lunar distance. 

The same example^ by Mr. Riddle's first method, which will be 
found in his " Navigation/' gives 95° 44' 29" for the corrected 
lunar distance. 

By Mrs. Taylor's method, which requires the use of her " Tables," 
the true distance is obtained as follows : — 



Table 1 


• • 


© 1-3873 


]> -7533 


Table 2 


. • 


- 0-5077 


-1-4997 




- 1-8950 


- 2-2630 


rable 3 


• • 


- 7' 25" 

- 3 16 




„ 4 


. 


+ 4 22 




„ 6 


'rections 


- 2 




Total coi 


- 6 20 




Appt. dif 


itance 
ance 


96 60 53 




True disi 


. 95 44 33 





The apparent altitudes and distance are first obtained from those 
observed, by correcting them for semidiameter and dip if neces- 
sary. Then in Table 1 find the log of the corrections for the alti* 
tudes on account of the moon's parallax. 

Trom Table 2 take the logs of the effect of the moon's horizon- 
tal parallax upon the distance. 



212 

H the apparent 7 '****»'*»«. 

-"dH'tiietrue/^t'tudeofthe^^ 
^ true / alt/tudes of «„„ ,, 

•-^ -''-parent distance. ' 

Make — If 

*'" « = - — — c^rg^o 

T ® i Ms — 

^•^e altitude © S'K 

J> M'H "'"^ 

M2 ; • • . 82 

S'2 • • . 54 

MZ '•-. 82 

• ' 53 "''■'•; 

Required M'S' /f. . 

*" ** '''^ true distance. 

^y ^'^ Voung.., form„fe, , ,,^ 

^5 50 63 '"'^^yhtitv 






' the 1 



n-m. 



"^^^s between this star and the moon; also the 

^^i *Pply the moon's correction in altitude with 

^* the correction in distance ; then, with the cor- 

~^* a. base, and the co-declinations as containing 

^^*».ce of right ascension, and consequently the 

"^^"^ision, and Greenwich time, are found. 

^^'^ring to the above conditions is not available, 

^-^^ving the same or nearly the same azimuth as 

*lot less than 30° or 40' distant ; the sum or 

*^ corrections in altitude would then evidently be 

*tt distance. If the star happened to be one of 

^he lunar distance, the Greenwich time is at once 

~ 3 with the corrected distance as a base, the pro- 

^* out as before. 

^^n to both these methods is, that the moon's declina- 
'*i to be known accurately as an important part of the 
^5>ute which, it is necessary to know the longitude 
- very thing sought), except in cases where the moon's 
'n either side of the equinoctial is nearly a maximum, 
lently for some time comparatively stationary. Under 
^stances a good result may be expected from the last 
-n the moon is on, or nearly on, the prime vertical. 

THE METHOn OP MOON CULHtHATINQ STARS. 

per motion of the moon causing a difference in the 
time between her transit, and that of any star, over 
eridians, affords another method of determining the 
The times of transit (or apparent right ascension) of 
enlightened edge, and that of certain stars varying but 
her in declination, are calculated for Greenwich mean 
iven among l^e last tables in the Nautical Almanac. 
i of the moon's limb, and of one or more of these stars, 
d at the place whose longitude is required, and from the 
of the differences of the intervals of time, results a most 

of the mooa't traiuit compnred with that obt^Tsd at, or calonlated for, 
1, would be sufficient data for ascertaining diSerencei of longitade ; but b; 
ifar tiepoiat <tf com^iiioa, we obviate an; enor in Uie position of Ibe ia- 
liD of the clock. 



I 
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easy and accurate determination of the difference of meridians •; of 
which the following example is sufficiently explanatory. 



BZAHPLB. 



At Chatham, March 9, 1838, the transit of » Leonis was ob- 
served by chronometer at lO"" 52" 46', and of the moon's bright 
limb, at 10'' 20° 7*; the gaining rate of chronometer being 1'5. 

Eastern Meridian Chatham — observed transits. 



b- 
;ht 



» LeoiuB 10 52 46 

Hi . ■ 11 20 7-6 

27 21-5 
On account of rate of chronometer . . .—00 0'03 

27 21-47 
Equivalent in sidereal time .... 27 25'96 

Western Meridian Greenwich — apparent right ascensions. 

a. Leonis 9 59 46-18 

j| 10 27 16-76 

27 30-58 
Observed transits . . . 27 25-96 

Difference of sidereal time between the intervals 4'62 
Due to change in time of moon's semidiameter 
passing the meridian ...... +0 -01 

Difference in J 's right ascension ... 4-63 

The variation of B 's right ascension in 1 hour of terrestrial 
longitude is, by the Nautical Almanac, 11277 seconds. Therefore 
asll2-77> . l^lM-eS" : 147-80, = 2' 27"-8, the difference of 
longitude. 

But when the difference of longitude is considerable, instead of 
using the figures given in the list of moon-culminating stars for the 

' For a mora rigid method of compDling the diSereiic« of meridiiui* b; lunu traaiiti, lee, 
B«ilj'» Formula and ProUemi, pp, 238 to 247. 
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variation of the moon's right ascension in one hour of longitude, 
the right ascension of her centre at the time of observation should 
be found, by adding to, or subtracting from the right ascension 
of her bright limb at the time of Greenwich transit, the observed 
change of interval, and the sidereal time in which her semidiameter 
passes the meridian. The Greenwich mean time corresponding 
to such right ascension being then taken from the Nautical 
Almanac, and converted into sidereal time, will give, by its dif- 
ference from the observed right ascension, the difierence of 
longitude required. For instance, in the above example : — 

D Right ascension at Greenwich transit . 10 27 1&76 
Sidereal time of semidiameter passing meri- 
dian of place 

]> Right ascension at Greenwich transit 

Observed difference 

D Right ascension at the time, and sidereal 

time at the place, of observation . . 10 28 14*40 

Greenwich mean time correspond-) h. m. b. 
ing to the above right ascension. > 1 1 17 0*6 
Page 7, Nautical Almanac. ) 

Or sidereal time at Greenwich 10 26 46*5 



+ 1 


2-26 


10 28 



1902 
4-62 



Difference of longitude . 2 27*9 

BY OCCULTATIONS OF FIXED STARS BY THE MOON. 

The rigidly-accurate mode of finding the longitude from the 
occultation of a fixed star by the moon, involves a long and intri- 
cate calculation, an example of which will be found in the 37th 
chapter of Woodhouse's "Astronomy :" and the different methods 
of calculating occultations, are analyzed at length by Dr. Pearson 
in his " Practical Astronomy," commencing at page 600, v. ii. 

The following rule, however, taken from Riddle's " Navigation," 
will give the longitude very nearly, without entering into so long a 
computation : — 

Find the Greenwich mean time from knowing the local time 
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and the approximate knigitnde, and for that time take, widi tfie 
greateft exactness, from the Nautical Almanac the son's right as- 
cension, and the moon's polar distance, semidiam^er, and parallax, 
applying all carreetioms. 

To the apparent time, add the son's right ascension, and the 
difference between this sum, and th^ star's right ascension, will be 
the meridian distance of the latter. Call this distance P; the 
star's polar distance p ; its right ascension R ; the reduced co-lati- 
tude /; the moon's polar distance m ; her reduced horizontal paral- 
lax H ; and her semidiameter «. 

Then add together sec "t ^ > cos 7^ ^ % and cot —-, and the 

^ 2 2 2f 

sum, rejecting twenty, will be the tangent of arc a, of the same 
affection as ^ . 

Add together cosec — T— , sin ^^ , and cot --., and the sum, 
o 2 2 2' 

rejecting twenty, will be the tan of arc b {always acute). When 

/ is greater than /?, a + 6 = arc c ; and when / is less than p^ 

a ^'b "=1 arc c. 

Add together tan Cy cosec /, cosec P, and prop, log H, and the 
sum, rejecting the tens, is prop, log of arc d. When arc c is obtuse, 
p •{■ dzz arc e ; and when c is acute, j» — rf = arc e. 

Add together cosec /, cosec P, prop, log H ; and with the sum 
S, and Pj take the correction from the subjoined table, and apply- 
ing it with its proper sign to e^ call the sum or the remainder e\ 
The difference of m and e' is arcy*. 

To S add sin e', and the sum, rejecting the tens, is the prop, log 
of arc (/. 

To tlie prop, logs of s + f, and « — y, add twice the sine of arc 
e, and half the sum, rejecting the tens, is the prop. log. of arc A. 

Then the moon's right ascension = R ± ^ di A, where g is addi- 
tive west of the meridian, and subtractive east ; and h is additive at 
an emersion^ and subtractive at an immersion. 

Having found the moon's right ascension, the corresponding 
Greenwich time is to be found from the Nautical Almanac, the 
comparison of which with the local time gives the longitude of the 
^ace of observation. 
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TABLE FOR CORRECTION OP C. 



s 


Starts Polar Distance p. 


















60* 


66° 


70° 


76° 


80° 


86° 


90° 




+ 


+ 


+ 


+ 


+ 


4- 


^ 




ff 


ff 


ff 


ff 


ff 


ff 


ff 


•60 


16-6 


13-2 


10-3 


7-6 


6-0 


2-6 


•0 


•66 


180 


10-6 


8*2 


6-0 


40 


2^0 


•0 


•60 


10-3 


8-8 


6-6 


4-7 


8-2 


1-6 


•0 


•65 


8-2 


6'Q 


6-1 


8-8 


2-6 


1-2 


•0 


•70 


65 


6-2 • 


41 


80 


2-0 


10 


•0 


•76 


6-1 


4-2 


3*2 


2-4 


1-6 


•8 


•0 


•80 


41 


3-2 


2-6 


1-9 


1-2 


•6 


•0 


•86 


8-2 


2-6 


2-0 


1-6 


•9 


•6 


•0 


•90 


2-6 


21 


1-6 


1-1 


•8 


•4 


•0 


-96 


21 


1-7 


1-3 


1-0 


•6 


•8 


•0 


1-00 


1-6 


1-3 


1-0 


•7 


•4 


•2 


•0 


MO 


I'O 


•9 


•6 


•6 


•3 


•1 


•0 


1-20 


•6 


•6 


•4 


•3 


•2 


•1 


•0 


1-80 


•4 


•3 


•3 


•2 


:i 


•0 


•0 


1-60 


•2 


•1 


•1 


•0 


•0 


•0 


•0 


1-80 


•0 


•0 


•0 


•0 


•0 


•0 


•0 




120° 


116° 


110° 


106° 


100° 


96° 


90° 


S 
















Star'i Polar Distance p. 



PROBLEM VI. 

TO DETERMINE THE DIRECTION OF A MERIDIAN LINE^ AND 

THE VARIATION OF THE COMPASS. 

In the spherical triangle Z P S^ al- 
ready alluded to as the astronomical 
triangle ; and m which the co-latitude 
Z P, and the time represented by the 
angle P, were ascertained by the method 
of absolute altitudes in pages 191 and 
195 ; the azimuth of any celestial body 
S is mesisured by the angle Z, which is 
found from knowing either the time^ or 




* The method of ascertaining the direction of the meridian with an altitude and azimuth 
instmment> or a large theodolite^ has been already described at page 155. 
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the latitude, in addition to the obiierTed altitude. Tliis calculated 
azimuth compared with the magnetic bearing of the object ob- 
served at the same instant, and determined with reference to some 
well-defined terrestrial mark, afl'ords the means of laying down a 
meridian line, and givea the variation of the compass. 

Another mode is by calculating the amplitude of the sun 
at hifl rising or setting for any day in any latitude, and comparing 
it with his observed bearing when on the horizon, or rather 
when he ia 34 minutes, or about his own diameter, above it, 
its his disc ts elevated that amount above its true place by 
refraction. 

In the accompanying fi- 
gure HO is the horizon, P 
the pole, EQ the equator, 
PAC the six o'clock hour 
circle, PEC the meridian, 
Z the zenith and dd or d'd' 
the circle of declination ofaj 
the sun, either north or 
south of the equator, and 
supposed to be drawn 
through hia place at the 
time of sunrise, which is ap- 
proximately known. 

8 or S' then, the intersection of this declination circle with tlie 
horizon, is tlie position of the sun at rising ; in the first case he/ore 
arriving at the 6 o'clock hour circle, and in the second after 
having passed it. 

In the triangles AS( or AS'f then, t^ or f S' ia the sun's decli- 
nation, and the angle SA(, S'AC the co-latitude of the place; 
from whence we obtain AS or AS', the amplitude, and also A( or 
Af, the angular distance before or after 6 o'clock for the time of 
sunrise, — In the same way can be obtained the sun's amplitude at 
sunset; as also the time, allowing for the change in declination. — If 
the meridian is to be marked on the ground, it is necessary, as 
before stated, to observe some object with reference to the mag- 
2 bearing. 




PROBLEMS^ 221 

A transit instrument * placed in the plane of the meridian, of 
course afibrds the means of marking out at once a meridian line 
on the ground ; the following short description, abridged from Dr. 
Pearson's " Practical Astronomy," explains the method of ad- 
justing a portable transit approximately in this plane, and of 
verifying its position when so placed. ^ 

1st. The adjustment of the levels and of the cuvis of the 
telescope. — These two adjustments may be carried on at the same 
time ; as when the level is made horizontal and parallel to the axis, 
the axis must be horizontal also. — Apply tlie level to its proper 
place on the pivots of the axis, and bring it horizontal by the foot- 
screws of the instrument; reverse the level, and mark the dif- 
ference, as shown on the scale attached to it — half this difference 
must be corrected by the screw of the level, and half by the foot- 
screws, which operation will probably want repeating — if by 
previous observation, the level has been ascertained to be correct, 
the foot-screws alone must be used in the correction, and if on 
reversing the instrument in its Ys, the level is still correct, the 
pivots of the axis are of equal size ; if not, the instrument should 
be returned to its maker as imperfect. 

2nd. The next object will be to place the spider lines truly 
vertical^ and to determine the equatorial value of their intervals. 

Suspend a thick white plumb-line on a dark ground, at a 
distance from the telescope ; then the middle wire may be made to 
coincide with it to insure its verticality, and if a motion in altitude 
be given to the telescope, and the coincidence continues unaltered 
by change of elevation, the axis has been truly levelled. 

The equatorial value of the intervals between the wires, may be 
determined by counting the time in seconds and parts occupied by 
the passage of an equatorial star over all the intervals, taken sepa- 
rately and collectively, by several repetitions on or near the 
meridian. If the star observed has any declination, the value of 

* In an Obseryatory^ the principal nses to whkh a transit is applied, are the obtaininff 
true time, and the determination of right atcentiont — ^very excellent directions for using and 
adjusting a portable transit for the determination of longitudes, &c, drawn up by Mr. 
Airy, will be found in the Narrative of the North American Boundary, by Major Bobinson, 
firom which one example is given at the end of this chapter, to show the form there 
adopted for recording transit observations. 



ail interval obtained from its passage may be reduced to its equa- 
toriul value by iDultiplying tbe seconds counted, by the costne of 
tbe star's declination ; before tJiis metliod can be used, the telescope 
luuBt have been placed nearly on the meridian, 

3rd. CoUimation in azimuth. — When the preceding adjust- 
ment have been made, the telescope should be directed to a 
distant object, the middle spider line brought to bisect it, and the 
axis then turned end for end. If, after this reversion, the same 
point be again bisected by the wire, it is a proof that a line passing 
from the middle spider line to the optical centre of the object glass 
is at right angles to the axis of the telescope's motioD. But if, 
after this reversion of the axis, the visible mark be found on one 
side of the middle line, half the error thus found must be corrected 
by the screw which moves the Ys in azimuth, and the oth«' half 
by the screw for adjusting the wires; several reversions niust be 
made to ensure accuracy. — The verification of this adjustment 
may be proved by the passage of the pole star ; — note the time at 
the preceding and at the middle wire, then reverse tbe axis, and 
note the pass^e over what wa» the preceding, but is now the 
folloming wire; half the difference of the intervals before and 
after reversion, will show how much the position of the centre 
wire has been altered by reversion. 

4th, CoUimation in altitude. — When the telescope is directed to 
the pole star at the time of its crossing the meridian, or to any 
well-defined distant point by daylight, read the vernier of the alti- 
tude circle, while the bubble of the level is at zero. The axis of 
the telescope must then be reversed, and the horizontal hne again 
brought to bisect the star ; and when the bubble is made to stand 
at zero, as before, the reading of the vernier must be again noted ; 
half the sum of these readings will be the true altitude; and half 
the difference, the error of collimalaon in altitude. This error may 
consist of two parts: the spider line may be out of the optical 
centre of the field of view ; and the level (supposing it previously 
adjusted to reverse properly in position) may not be in its true 
position as regards the zero of the circle's divisions ; half therefore 
of the error arising from the half difference of altitudes must be 
'ed by the screws carrying the spider lines, and the other half 
screw that alters the level. 
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6th. The last and most difficult of all the adjustments, is that 
by which the instrument is placed in the plane of the meridian of 
the place of observation. There are many modes of accomplishing 
this, both by direct and indirect means ; but the most convenient 
and most generally practised are those in which a circumpolar star 
is employed ; or in which two circumpolar stars, differing little in 
declination, but nearly twelve hours in right ascension; or in, 
which two stars, differing considerably in altitude, and but little 
in right ascension, are successively observed ; but in whatever way 
the adjustment may be made, the clock that gives the times of 
transit must have its rate previously well determined. 

The approximate position of the instrument may be ascertained 
by calculating the solar time of the pole star's passage over the 
meridian for any given day ; and then the telescope levelled and 
pointed at it, at the computed time, will require but little adjust- 
ment. Subsequent observations of circumpolar ^ or of high and 
low stars, will gradually rectify the position, provided all the ad- 
justments previously directed, continue unaltered for a sufficient 
length of time ; and a meridian mark, capable of adjustment, may 
be placed at a convenient distance north or south, until their places 
are definitely fixed by some of the following methods. At 96*49« 
yards from the object end of the telescope, one inch will subtend 
r or 60", and a scale may be made accordingly, varying of course 
inversely as the distances ; so that when the transit is found to be 
any number of seconds, say thirty, too much to the east or west, 
a corresponding distance on the scale shows how much the instru- 
ment is to be moved in azimuth, by the proper screws, to effect the 
correction required. 

Method Ist, — By a circumpolar star. 

a = ^— r— cotan a 

2 cos L 

Where a =: azimuthal deviation in seconds at the horizon, 

t =: the time at upper transit, 

fzz at lower passage, 

L = the latitude, 

f zi the declination : 

by multiplying by 15, a is converted into space if required. 
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If the western semicircle is passed through in less time than the 
eaxtern, tlie object end of the telescope points to the west of the 
true meridian. The clock must be a good one for this method, as 
it supposes no change of rate for twelve hours. 

Method '2nd. — By a pair of circumpolar stars. ■^m 

a = ('— <' — 1'-^°) — (T— "T — 12") sinAsinA' ^H 

c cos L— sin (a'— a) ^^| 

where A and a', r: the star's polar distances, L = the latitude, 
/ and f the times of the fiist star's upper and lower passages, 
T and T' the times of the contrary passages of the second star, 
following the other at an interval of nearly 12 hours in right 
ascension ; or this formula, omitting the 12 hours, 
^_ (/— r)-(r— /)sinAsinA ' 
2 cos L— sin ( a'— A> 
when {/— f — 12'') is a greater interval than (i 
zontal deviation a will be towards the east, an< 
(f — r') is greater than (t — r) the deviation is 
Method 3rd. — By high and low stars. 

_ (D — D') cos J. cos J" 



— »^ — 12'') thehori- 
vice versd ; or when 
also to the east. 



cos L sin (3~' — S) ^^| 

Where D = (< — f ) the difference of the observed times of pas- 
sage, and D'=(Ra — Ra') the difference of the apparent right 
ascension of the two given stai-s, S' the declination of the higher 
star, and 3' that of the lower. The stars for this method ought to 
be removed from each other at least 40° in declination. When 
(D — D') is positive, the horizontal deviation is to the east of the 
south point in northern latitudes ; and the contrary when negative. 
Tables are formed to facilitate the computation of the above for- 
raulte. The times are all supposed to be sidereal; if, therefore, 
solar time is used in the observations, the acceleration must be 
added. 

The following example is given of the last method, in which, 

if the difference of the times of the observed passages be exactly 

equal to the difference of the computed right ascensions of the 

•»o stars, the instrument will necessarily be already in the plane 

meridian. 





PROBLEMS. 
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On June 20, 1838, in latitude 51° 23' 40", the transits of 



a Corona Borealis, and of Antares, were observed. 

TlUBSRS. 
H. II. & 

a Corona Borealis . . . 9 25 31-5 

Antares . . . . 10 17 17-8 



51 46-3 
51 39-68 

+ 6-62 



B(. AaciHSioas. 

H. M. 8. 

15 27 52-25 

16 19 31-93 

— 51 39-68 



6-62 . . log -8208580 

Cos ^ . . 27' 15 46 9-9488603 

Cos J .. 26 4 1 9-9534124 

Cos i .. 51 23 40 ar. com. 0-2048466 

Sin . . 53 19 47 ar. com. 0-0957794 



a = 10'-662 



1-0237666 



I 



yORM FOR RECORDING OBSERVATIONS MADE WITH A- PORTABLE 

TRANSIT. 
(Date, Place, and Name of Observer.) 



Approzimate Solar Time. 



Object 



Ist Wire 

2nd „ 

8rd „ 

4tli „ 

6th „ 

Sum . . . 

Mean of Wires 

Correction for wires lost .... 

True Transit on Instruments . . 

r + 0-009 
Arimuthal Error + 20 x S — 0008 

L + 0-031 

True Transit over Meridian . . . 
Starts Right Ascension .... 

Srror of Chronometer 



H. X. 

9 47 



12 Canum 
Yenaticorum. 



H. X. 

10 40 



H. X. 8. 

13 2 41-5 
3 170 

3 51-5 

4 27-0 

5 1-0 



19 180 


13 


3 51-6 

• • • • 


13 


3 51-6 

+ 0-18 


13 3 51-78 
12 48 48-97 



15 2*81 



ff Ursae 
Majoris. 



H. X. 8. 

13 55 6-5 

55 49-5 

56 31 
Lost 

57 560 



225 23-0 


13 


45 4-6 
11 26-70 


13 


56 31-30 
- 0-16 


13 
13 


66 31-14 
41 28-49 



15 2-65 



H. X. 

10 45 



« Bootis. 



H. X. 8. 

14 1 26-0 
Lost 
2 230 

2 530 

3 21-0 



10 30 



14 2 0-6 
22-94 



14 2 23-54 
+ 0-62 



14 2 24-16 
13 47 21-19 



15 2-97 
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The abore is one of the lets of obeerratioitt made by Major 
Robinson at St Hden's Island, Upper Canada, in 1846. Refer- 
ence was always made to the particular transit and chronometer 
used; stating also if the error of coUimation had been determined, 
and the transit lerelled immediately before the observation, and 
whether the east or west end of the axis was ilhmiinated. 

In the transit books used on this occasion, made of four or fiye 
quires of letter paper bound up in a strong cover, the right-hand 
page was printed in the above form, leaving the other blank for 
recording levels, calculating the azimuthal errors. Sec, &c. 

The form for registering transit observations in a permanent Ob- 
servatory, is of course different from the above : that at present in 
use at the Royal Engineer Observatory at Chatham, taken from 
the ** Corps Papers," is given as an example. 
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TABLE I. 




^ 




FOR CONVERTING SIDEREAL INTO MEAN SOLAR TIM 


E. 




H»on. 


MinaMs. 


SKOnii*, 


I 


S'830 


1 


1. 
0-164 


31 


a. 

6-079 


^ 


0-003 


31 


0086 




2 


lB-969 


2 


0-32S 


32 


6-212 


2 


0-005 


32 


0-087 




S 


29189 


3 


0-491 


33 


6-406 


3 


0-008 


33 


0-090 




< 


39'813 


4 


0-656 


34 


6-670 


4 


0011 


84 


0-093 




6 


49'148 


6 


0-819 


36 


5-731 


5 


0014 


35 


0-098 




a 


68-977 


6 


0-983 


38 


6-S9S 


8 


0-016 


36 


0-098 




7 


1 8-807 


7 


■1-147 


37 


6-082 


7 


0019 


37 


0-101 




B 


1 18-688 


8 


1-311 


3S 


6-226 


8 


0-022 


38 


0-104 




9 


1 28-468 


9 


1-474 


39 


6-389 


9 


0-025 


3S 


0-108 




10 


1 38-298 


10 


1-638 


40 


6-663 


10 


0-027 


40 


0-109 




11 


1 46125 


11 


1-S02 


41 


6-717 


n 


OOSO 


41 


0-llS 




12 


1 67-965 


12 


1-986 


42 


6'BSl 


12 


0-083 


42 


0116 




19 


a 7-784 


13 


2130 


43 


7-044 


13 


0-03fl 


43 


0-llS 




14 


2 17-614 


14 


2-294 


44 


7-208 


14 


0-038 


44 


O-120 




15 


2 27-448 


15 


2-467 


46 


7-372 


16 


OOll 


45 


0-123 




16 


2 37-273 


18 


2-621 


48 


7-633 


18 


0-044 


40 


0-12S 




17 


2 47103 


17 


2-786 


47 


7-700 


17 


0-047 


47 


0-12S 




18 


2 G6-932 


13 


2-949 


48 


7-881 


18 


0-019 


48 


0-lSl 




19 


3 6-762 


19 


3-113 


49 


6-027 


19 


0-062 


49 


OlM 




SO 


3 16-S91 


20 


3-277 


50 


8-191 


20 


0-056 


60 


0-1S7 




21 


3 2S-121 


21 


3-440 


51 


8-355 


21 


0-057 


51 


0-110 




22 


3 36-2S0 


22 


3-604 


62 


8-6X9 


22 


0-060 


52 


0-142 




23 


3 46080 


23 


3-788 


53 


8-683 


23 


0-063 


63 


0-14E 




24 


3 66-909 


24 


3-832 


54 


8-847 


21 


0-080 


64 


0-148 








26 


4098 


65 


9-010 


25 


0068 


65 


0-160 








28 


4-3B9 


58 


9-171 


28 


0071 


5S 


0-158 








27 


4-423 


57 


9-338 


27 


0-074 


67 


0-160 








28 


4-B87 


68 


9-502 


28 


0076 


68 


0169 


, 






29 


4-761 


69 


9-686 


29 


0-079 


59 


0-181 


1 






30 


4-915 


60 


9-830 


30 


0-082 


60 


0-164 


1 


■eh 
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id, to oblaia the eq 
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TABLE II. 



FOB CONVERTING MEAN SOLAR INTO SIDEREAL TIME. 



Hours. 


Minntes. 


Seconds. 




X. B. 




8. 




s. 




8. 


i 


8. 


1 


9-856 


1 


0-164 


31 


5092 


1 


0-003 


31 


0-085 


2 


19-713 


2 


0-329 


32 


5-257 


2 


0*005 


32 


0-087 


3 


29-569 


3 


0-493 


33 


5-421 


3 


0-008 


33 


0-090 


4 


39-426 


4 


0-657 


34 


5-585 


4 


0*011 


34 


0-093 


5 


49-282 


5 


0-821 


36 


5-750 


6 


0-014 


36 


0-096 


6 


59-139 


6 


0-986 


36 


5-914 


6 


0-016 


36 


0-098 


7 


1 8-996 


7 


1-150 


37 


6-078 


7 


0-019 


37 


0-101 


8 


1 18-862 


8 


1-314 


38 


6-242 


8 


0*022 


38 


0-104 


9 


1 28-708 


9 


1-478 


39 


6-407 


9 


0-026 


39 


0*106 


10 


1 38-565 


10 


1-643 


40 


6-571 


10 


0*027 


40 


0-109 


11 


1 48*421 


11 


1-807 


41 


6-736 


11 


0*080 


41 


0*112 


12 


1 58-278 


12 


1-971 


42 


6-900 


12 


0*033 


42 


0-116 


13 


2 8-134 


13 


2-136 


43 


7-064 


13 


0*036 


43 


0-118 


14 


2 17-991 


14 


2-300 


44 


7-228 


14 


0*038 


44 


0120 


16 


2 27-847 


16 


2-464 


46 


7-392 


16 


0*041 


46 


0-123 


16 


2 37-704 


16 


2-628 


46 


7-667 


16 


0*044 


46 


0-126 


17 


2 47-660 


17 


2-793 


47 


7-721 


17 


0*047 


47 


0-128 


18 


2 57-416 


18 


2.967 


48 


7-885 


18 


0*049 


48 


0-131 


19 


3 7-273 


19 


3121 


49 


8-060 


19 


0-062 


49 


0-134 


20 


3 17-129 


20 


3-286 


50 


8-214 


20 


0-055 


50 


0-137 


21 


3 26-986 


21 


3-460 


51 


8-378 


21 


0-067 


51 


0-140 


22 


3 36-842 


22 


3-614 


62 


8-542 


22 


0-060 


52 


0-142 


23 


3 46-699 


23 


3-778 


53 


8-707 


23 


0-063 


53 


0-146 


24 


3 56-566 


24 


3-943 


54 


8-871 


24 


0-066 


54 


0-148 






25 


4-107 


55 


9-036 


25 


0-068 


55 


0-150 




• 


26 


4-271 


56 


9*199 


26 


0-071 


56 


0-153 






27 


4-436 


57 


9-364 


27 


0-074 


57 


0*156 






28 


4-600 


58 


9-528 


28 


0076 


68 


0-159 






29 


4-764 


59 


9-692 


29 


0*079 


59 


0*161 






30 


4-928 


60 


9-856 


30 


0-082 


60 


0*164 



The quantities opposite the different nmnbers of hoan, minutes, and seconds, are to be 
added, to obtain the equivalent interval of sidereal time for any period. — Vide TabU qfUqmC- 
valenls, page 489 of the Nautical Almanac This table, and the preceding^ are calculated 
from the ratio of a sidereal to a mean solar day — ^twenty-four hours of mean time being 
equivalent to 24>' 3°* 56'*5664 sidereal time. 
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TABLE IV. 



Barometer, 30 in. 


-J 












Thermometer, 50°. 


+ when above 


* 


Table of Befiractions. 




— when above 


— when below. 


' 












+ when below. 






Difference to be al- 




T« 


» 


Difference to be al- 


App. 
Alt. 


Befr. 

B. 80 

Th. 50® 


lowed for. 


1 


App. 
Alt 


Beir. 

B.80 

Th. 50® 


lowed for. 


1' Alt. 


+ 1B 


-l°Th 


1' Alt. 


+ 1B 


-l®Th. 


o / 


/ // 


// 


II 


II 


O / 


/ 


II 


// 


// 


// 





33 51 


11-7 


74 


8-1 


8 


14 


85 


8-2 


80 


2-3 





82 53 


11-3 


71 


7-6 


5 


14 


19 


81 


29 


2-2 


10 


81 58 


10-9 


69 


7-3 


10 


14 


4 


30 


29 


2-2 


15 


81 5 


10-6 


67 


7-0 


15 


13 


50 


2-9 


28 


21 


20 


30 13 


10-1 


65 


6-7. 


20 


13 


86 


2-8 


28 


21 


25 


29 24 


9-7 


63 


6-4 


25 


13 


21 


2-7 


27 


2-0 


80 


28 37 


9-4 


61 


6-1 


80 


13 


7 


2-7 


27 


20 


85 


27 61 


90 


69 


6-9 


35 


12 


63 


2-6 


26 


20 


40 


27 6 


8-7 


68 


6-6 


40 


12 


41 


2-6 


26 


1-9 


45 


26 24 


8-4 


66 


6-4 


45 


12 


28 


2-4 


25 


1-9 


50 


25 43 


8-0 


66 


5-1 


60 


12 


16 


2-4 


26 


1-9 


55 


25 3 


7-7 


63 


4-9 


55 


12 


8 


2-3 


26 


1-8 


1 


24 25 


7-4 


62 


4-7 


4 


11 


52 


2-2 


24-1 


1-70 


5 


23 48 


7-1 


60 


4-6 


10 


11 


30 


2-1 


23-4 


1-64 


10 


23 13 


6-9 


49 


4-6 


20 


11 


10 


20 


22-7 


1-68 


15 


22 40 


6-6 


48 


4-4 


30 


10 


60 


1-9 


22-0 


1-63 


20 


22 8 


6-3 


46 


4-2 


40 


10 


32 


1-8 


21-3 


1-48 


25 
80 


21 37 
21 7 


61 
5-9 


45 
44 


40 
8-9 


50 


10 


15 


1-7 


20-7 


1-43 


5 


9 


58 


1-6 


20-1 


1-38 


85 


20 38 


6-7 


43 


8-8 


10 


9 


42 


1-5 


19-6 


1-34 


40 


20 10 


6-5 


42 


3-6 


20 


9 


27 


1-6 


191 


1-30 


45 


19 43 


6-3 


40 


3'6 


80 


9 


11 


1-4 


18-6 


1-26 


50 


19*17 


6-1 


39 


3-4 


40 


8 


68 


1-3 


18-1 


1-22 


55 


18 62 


4-9 


39 


8-3 


50 


8 


46 


1-3 


17-6 


1-19 


2 


18 29 


4-8 


38 


3-2 


6 


8 


82 


1-2 


17-2 


116 


5 


18 6 


4-6 


37 


81 


10 


8 


20 


1-2 


16-8 


1-11 


10 


17 43 


4-4 


36 


80 


20 


8 


9 


11 


16-4 


1-09 


15 


17 21 


4-3 


36 


2-9 


80 


7 


58 


11 


160 


1-06 


20 


17 


4-1 


35 


2-8 


4-0 


7 


47 


1-0 


16-7 


• 103 


25 
80 


16 40 
16 21 


40 
3-9 


34 
38 


2-8 
2-7 


50 


7 


87 


1-0 


15-8 


1-00 


7 


7 


27 


1-0 


15-0 


0-98 


85 


16 2 


3-7 


83 


2-7 


10 


7 


17 


•9 


14-6 


•96 


40 


15 43 


3-6 


32 


2-6 


20 


7 


8 


•9 


14-8 


•93 


45 


15 25 


3-5 


82 


2-5 


80 


6 


59 


•8 


14-1 


•91 


50 


15 8 


3-4 


31 


2-4 


40 


6 


51 


•8 


13-8 


•89 


55 


14 53 


8-3 


30 


2-8 


50 


6 


48 


•8 


13-6 -87 1 



Yonngf 8 Befractions have been selected firom among those, by different eminent Astro- 
nomers, given in Dr. Pearson's Tables. 
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TABLE IV.— MBiiBtwrf, 
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TABLE VII. 

- AUGMENTATION OF D ** SEMIDIAMETER ACCORDING TO HER 

INCREASE IN ALTITUDE. 

The Mooii*B horizontal Bemidiameter is found in page 3 of each month in the Nautical 
Almanac, for every day at mean noon and midnight at Greenwich; and the Sun's in 
page 2, for every mean noon. 



Moon's 

app. 
Altitude. 






Horizontal Semidiameter. 






14' 30" 


16' 0" 


16' 30" 


16' 0" 


16' 30" 


17' 0" 
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// 


// 
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/f 


II 





0-00 


0-00 


000 


0-00 


0-00 


0-00 
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0-71 


0-76 


0-80 


0-86 


0-92 


0-97 
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1-41 


1-60 


1-60 


1-71 


1-83 


1-94 
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2-11 


2-26 


2-40 


2-56 


2-73 


2-90 


12 


2-81 


3-00 


3-20 


3-41 


3-63 


3-86 


15 


3-60 


3-74 


3-99 


4-25 


4-62 


4-80 


18 


4-17 


4-46 


4-76 


5-07 


6-39 


5-73 


21 
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6-52 


6-89 
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10-93 


11-65 


12-39 


13-16 


48 


10-06 


10-76 


11-49 


12-26 


13-03 


13-83 


51 


10-62 


11-26 


12-02 
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TABLE Vni. 
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TABLE IX. 

REDUCTION OF THE MOON'S EQUATORIAL HORIZONTAL PARALLAX, 
TO THE HORIZONTAL PARALLAX IN ANY LATITUDE. 



Latitude. 




HORIZONTAL PARALLAX. 




64' 


66' 


68' 


60' 


62' 


o 


// 


// 


It 


// 


// 





0-0 


0-0 


0-0 


0-0 


00 


8 


0-2 


0-2 


0-2 


.0-2 


0-2 


16 


0-8 


0-8 


0-9 


0-9 


0-9 


20 


1-3 


1-3 


1-4 


1-4 


1-5 


24 


1-8 


1-9 


1-9 


20 


20 


28 


2-4 


2-6 


2-6 


2-6 


2-7 


82 


30 


31 


3-3 


3-4 


3-6 


36 


3-7 


3-9 


40 


41 


4-3 


40 


4-6 


4-6 


4-8 


6-0 


6-1 


44 


6-2 


6-4 


6-6 


6-8 


6-0 


48 


60 


6-2 


6-4 


^'^ 


6-8 


52 


6-7 


7-0 


7-2 


7-4 


7-6 


56 


7-4 


7-7 


.8-0 


8-2 


8-6 


60 


8-1 


8-4 


8-7 


90 


9-3 


64 


8-7 


9-1 


9*4 


9-7 


100 


68 


9-3 


9-6 


10-0 


10-3 


10-6 


72 


9-8 


101 


10-4 


10-8 


11-2 


76 


10-2 


10-6 


10-9 


11-3 


11-7 


84 


10-7 


11-1 


11-5 


11-9 


12-0 


90 


10-8 


11-2 


11-6 


12-0 


12-4 



The Moon's Horizontal Parallax, given in the third page of each month in the Nantical 
Almanac for noon and midnight, is the equatorial parallax for Greenwich, mean noon 
and midnight ; from thence it is to be deduced for the time and place of observation. The 
correction for latitude, on account of the spherical figure of the earth, is seldom thought of 
at sea, but can be made from the table above. Thus, supposing the hor. equat. par. to be 
68'; the hor. par. in lat. 62° would be 68' - 7"-2 = 67' 62"-8. 

This reduced hor. par. is to be farther corrected for altitude by means of tables for that 
purpose (see Pearson, vol. L pages 188 to 196: and Riddle, pages 166* to 173); or by 
the following rule : — sin hor. par. X cos alt. s sine par. in alt 

* Riddle's tables are for clearing the lunar distance, and the corrections are for both 
pftjrallyr and refraction. 



TABLE X. 

PARALLAX or THE PLANETS IN ALTTrODE, 





PLANET'S HORIZONTAL PARAUAX. 
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Alt. 
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19 


21 


22 
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80 
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i S 
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fl 
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35 


16 
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13 
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66 
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30 


11 


32 


13 
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10 


11 


72 
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S 






4 




5 


6 
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3 




4 


fi 


s 


6 


6 
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78 
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81 






1 
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84 
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TABLE XI. 



DIP OF THE SEA HOKIZON. 



Height of 




Height of 




Height of 




Height of 




the Bye 


Dip. 


the Eye 


Dip. 


the Eye 


Dip. 


the Eye 


Dip. 


in Feet 




in Feet 




in Feet 




in Feet 






/ // 




/ // 




/ // 




/ // 


1 


59 


18 


4 11 


35 


5 49 


86 


9 8 


2 


1 24 


19 


4 17 


38 


6 4 


89 


9 17 


•3 


1 42 


20 


4 24 


41 


6 18 


92 


9 26 


4 


1 58 


21 


4 31 


44 


6 32 


95 


9 36 


5 


2 12 


22 


4 37 


47 


6 45 


98 


9 45 


6 


2 25 


23 


4 43 


50 


6 58 


101 


9 54 


7 


2 36 


24 


4 49 


53 


7 10 


104 


10 2 


8 


2 47 


25 


4 55 


56 


7 22 


107 


10 11 


9 


2 57 


26 


5 1 


59 


7 34 


110 


10 19 


10 


3 7 


27 


5 7 


62 


7 45 


113 


10 28 


11 


3 16 


28 


5 13 


65 


7 56 


116 


10 36 


12 


3 25 


29 


5 18 


68 


8 7 


119 


10 44 


13 


3 33 


30 


5 24 


71 


8 18 


122 


10 52 


14 


8 41 


31 


5 29 


74 


8 28 


125 


11 


15 


3 49 


32 


5 34 


77 


8 38 


128 


11 8 


16 


3 56 


33 


5 39 


80 


8 48 


131 


11 16 


17 


4 4 


34 


5 44 


83 


8 58 


134 


11 24 



TABLE XII. 



DIP OF THE SEA HOKIZON AT DIFFERENT DISTANCES FROM IT. 



Distance 
in Miles. 




Height of the Eye in Feet. 








5 


10 


15 


20 


25 


30 


/ 


/ 


/ 


/ 


/ 


/ 


0-26 


11 


22 


34 


45 


56 


68 


0-6 


6 


11 


17 


22 


28 


34 


0-75 


4 


8 


12 


15 


19 


23 


1-0 


4 


6 


9 


12 


16 


17 


1-25 


3 


5 


7 


9 


12 


14 


1-5 


3 


4 


6 


8 


10 


12 


2-0 


2 


8 


5 


6 


8 


10 


2-5 


2 


3 


5 


6 


7 


8 


80 


2 


3 


4 


5 


6 


7 


3-5 


2 


8 


4 


5 


6 


6 


40 


2 


8 


4 


4 


5 


6 


5-0 


2 


8 


4 


4 


5 


5 


60 


2 


8 


4 


4 


5 


• 1 



TABLE XIV. 

TO COMPUTE THE EQUATION OF EQUAL ALTITUDES. 
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SB 
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80 
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H 

46 
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§ 
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1 
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s 
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In Talile XVI. of Mi. Baily, the EqiuUon of eqaal Altitudes ii giTen for tl 
inlerral of 21 honn, bat it ii Mldom rsqoiied bejood the ibove limiti. 
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TABLE XVII. 

REDUCTION IN LINKS AND DECIMALS OPON EACH CHAIN'S LENGTH 

FOR THE FOLLOWING VERTICAL ANGLES. 



Angle. 


Reduc- 
tion. 


1 
1 

1 Angle. 
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tion. 


Angle. ' 
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Angle. 
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O / 




1 
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8 
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16 
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9 
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10 
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6 
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19 
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16 
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6-691 
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6 46 
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11 
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7 
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20 


6-031 



TABLE XVIII. 

RATIO OF SLOPES FOR THE FOLLOWING VERTICAL ANGLES. 
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1 
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To one 


Angle. 
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80 
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1 
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6i 


26 34 
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5 
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lOi 1 


11 68 
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26 
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10 
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H 


46 


1 
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23 


6 


»i 
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4i 
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f 
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21 
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9 
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4 
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h 


3 


19 
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8i ! 
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3i 
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i 
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18 


, 7 7 


8 


15 56 


H 


78 41 


i 
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17 


7 36 


7i 


17 6 


8i 
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c„ 
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+ 
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+ 


Fah. 
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+ 
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17 
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50 
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23-9 


1 


13-8 


17 


2 28 
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61 


81 


10-e 


76 


19-e 
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2 
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18 
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2-a 


53 


8-B 
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77 
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S 
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16 
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63 


0-3 
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78 
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i 
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15 


29 
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1-7 


64 


9-8 
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79 


20-9 


26-1 


5 
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15 


30 


09 


M 


56 


10-2 


12-8 


80 


21-3 


26-7 


6 


ll'fl 


11 


1 31 


0-4 


0-6 


63 
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13-3 


81 
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7 

8 
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13 
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+ 
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68 
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11-1 


B2 
B3 
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9 
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12 
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0-9 
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69 
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84 

86 
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28-9 


10 


9-8 


12 


2 35 
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1-7 


60 


12-4 


15-6 


29-1 


11 


9-3 


11 
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1-8 
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01 


12-9 


16-1 


86 


24-0 


30-0 


12 


8-9 


11 


1 37 
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62 
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87 
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13 
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10 
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63 
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88 


21-9 
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11 
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10 


39 
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3-9 
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90 
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25-8 
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16 
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a 
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05 
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IS 
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8 
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66 
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91 
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17 
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8 
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67 


16-6 
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92 


26-7 
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18 
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7 


8 43 


1-9 


6-1 


68 


18-0 


20-0 


93 


27-1 


33-9 


18 

SO 
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7 


2 14 


5-3 
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69 


18-1 
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91 


27-6 


31-4 
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6 


7 16 


6-8 


7-2 


70 


16-9 


21-1 


96 


28-0 


35-0 


n 


4-9 


6 


1 16 


6-2 


7-8 


71 
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21-7 


96 


28-4 
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a 
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S 
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8-3 


72 


17-8 


22-2 


97 


28-9 


38-1 


» 


4-0 


6 


18 


7-1 


8-9 


73 
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32-8 


98 


29-3 


36-7 


1 


3-6 


4 


1 40 


76 


9-4 


74 


ia-7 


33-3 


99 


29-8 


""- 



The faUoving formula will leire for the comparison of these Themiometers. 
P-J C + 32-JR + 32 
C =|(P-32)=iR 
a-){P-S2)-JC 

Freezing point Boiling point 

Pahrenheit . . . 32° . . 212° 

Reanmnr ... . . 80 

Ceot^rade ... . . 100 

The Logarithms amwering to every degree of the graduationa of the above Thumometera 

■iO be fonnd at page 298, voL i., of Dr. Pearson'a " Practical Aationomy." 
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TABLE XX. 



COMPARATIVE SCALE OF BABOHETEBS. 
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9-67 
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29 


1-06 


787-4 
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DESCRIPTION OF THE PEDIOMETER AND 
COMPUTING SCALE. 



These instruments are used for determining the areas of Plans 
without calculation — whereby a saving is effected of more tiian 
half the Ume consumed in computation, and the liability to error 
is very materially diminished. 

THE PEDIOHETEB. 




The instrument consists of a square, and a graduated scale, 
constructed for three chains to the inch. 

a — ^The milled head, by turning which, motion is given to the 
brass slider B, and the two pointers R and W. 

I — The index to be placed in coincidence with the — division 
upon the scale. 
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When the brass slider B is in contact with A, I coinciding with 
— division, and R and W pointing to O upon their respective 
scales, the instrument is in adjustment. 

When deranged, restore it, by opening R and W to the proper 
distance, and then moving A and I, the former into contact with 
B, and the latter into coincidence with ^ 

Required the content of the trapezium E C F D. 

1st. — Place the edge A upon the point E, and open B to the 
point F. 

2nd. — Press the square firmly down with the right hand, and 
with the left place the scale against the edge of it, as shown in 
the figure. 

3rd. — Now press the scale firmly, and slide the square upy until 
the edge A B is upon the point C. 

4th.-^Press the square firmly, and slide the scale against its 
edge until — coincides with I. 

Finally. — Press the scale and slide the square dotan until the 
edge A B is upon the point D, and taking out the numbers to 
which W and R point, subtract the latter from the former, and 
the contents in acres and decimal parts of an acre will at once 
be given. 

The red pointer directs to the numbers that are to be taken 
from the red scale, and the white one, to those upon the white 
scale. 

When the pointers fall exactly upon the line engraved on the 
ivory edge of the scale, the folding leaf is to be doubled down to 
the left hand ; but when the pointers fall between any two of the 
lines on the ivory edge, the folding leaf must then be doubled over 
to the right hand before the numbers are read off. 

For instance, when the leaf is turned to the left and the red 
pointer falls between the two lines which refer to '008 and '013, 
tarn the folding leaf to the right hand, and the pointer will 
read O-IQ. 

It will be found most convenient and most accurate in practice 
to take the shortest diagonal for the line E F. 



2i^) DESCRIPTIO!! OF THE COMPUTIXG SCALE. 



THE COMPmXG 8CALE. 



This instrument answers the same purpose of giTing mednm-i 
callv the contents of enclosures as the Pediomcter, but is mew 
simple in its constraction and principle of operation. 

It consists of a scale divided for its whole length from the leio 
point into divisions, each representing 2} ckaimSy and is used witk 
a sheet of transparent tracing paper, ruled with parallel lines it 
equidistant intervals of ame chain. 



B 



r 



^J 



J I .^: 




The slider B, which moves along the scale, has a wire drawl 
across its centre at right angles to its line of motion ; and on 
side of this wire a distance equal to one of the primary divisions 
2| chains is laid off, and divided into 40 parts. It is evident, 
that during the passage of the slider over one of the divisions 
2^ chains, one rood has been measured between two of the 
lines on the tracing paper ; and that one of the smaller di 
would measure between the same parallels oife perch. Four of 
larger divisions give ome acre ; and the scale itself, generally 
long enough to measure at once five acres, is thus used. Lay 
transparent paper over the enclosure the content of which is 
quired, in such a position that two of the ruled lines shall to 
two of the exterior points of the boundaries, as at a and ft. 

Lay the scale, with the slider set to zero, over the tracing 
paper, in a direction parallel to the lines, and so placed tha^ 
the portions c and d are estimated by the eye as equal to 
other. Holding the scale steady, move on the sliding frame un 
the equality of the portions e and / are also estimated. Wii 
the slider kept at this mark, move the scale bodily down 
space of one of the ruled lines (one chain), and commencing again 
at the left hand, estimate the equal areas of g and h^ sliding tlM| 
frame on to k and /. When the whole length of the scale, denotingi 
5 acres, is run out, commence at the right-hand side, and worU 
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backwards to the left, reading the lower divisions, by which 
the instrument is made to measure up to 10 acres. By a con- 
tinuation of this process, the contents of any sized enclosures can 




be obtained without calculation, and with sufficient accuracy for 
general purposes, if the scale is tolerably large. It would, how- 
ever, expedite the measurement if the tracing paper was divided 
into squares of one chain each ; the application of the comput- 
ing scale need then only be made to the portions outside the 
squares, and the content added to that of the squares them- 
selves, which is obtained by simply counting them. Where the 
wire of the slider coincides witli any portion of the boundary 
between two of the parallels no equalization is of course neces- 
sary. 






BsroKT OS va iqad fbehi • • 




* ShottM DM be lea taaal iaskMli* 



RECONNOITRED ON 



This form is nearly similar to that used by the Quartermaster General's departmei 
in tbe Peninsula. Where more information is required to be tabulated, columns can 1 
added ; but generally it is better to embody all other statistical details in tiie Report thi 
accompanies tiie sketch of the road. On a hasty reconnaissance, the object of which 
priDcipally to ascertain the practicability of any roat« fbr different arms of the servic 
tbe five last columns can be omitted. In a sketch of this nature, the Road is evident' 
the feature of paramount importance, and the ground contiguous to it is only of materi 
conaequence in those spots that present positions for disputing its passage or emba 
rassing its free occupation. In calculating the number of men a village or hamli 
*rauld contain for one night, tive men may be allowed pVfe house ; for a longer period 
considerable reduction must be mfide. In the conntiy the beat guides from whom ' 
obtain information are obviously those who, from their pursuits, must be possessed 
much local knowledge, such as shepherds, pedlars, poachers, £c in towns, refereni 
should be made to the local authorities for all statistical information. In addition 
the field sketch of the road, a few outline sketches of the principal marked position 
with references to the spot from which they were taken, would often prove of great servic 
These positions would, if of importance, require a separate sketch and report 

When the routes for diSerent columns to arrive at any fixed spot at any required tin 
have been decided upon, separate sketches of the ground will be requisite for the 
^dance. The annexed form for the "Detail of March" ie taken from C&pta 
Uacauley'fl "Treatise on Field Fortifications." 





ColuniD or Division. 








Sketch of ground, 
ihtiwing, by a doited 
Uue, thB route. 


Stale the hoar 
mnrching, the fori 
tion 1 and describe 
niulQ by reference 
letters on the sketch 
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